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APPENDIX D

GEOTECHNICAL LABORATORY TESTING
D. 1 Index Testing Summary
D.2 Keantan Laboratory Test Data - TM No. 15 Investigations
D.3 Daniel B. Stevens & Associates Hydraulic Conductivity Testing
D.4 Keantan Laboratory Test Data - HSA-1 to HSA-8 (Shear Testing)
D.5 Lowney Associates (TS-Samples; Compaction, Gradation, PI,

Permeability)
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INDEX TESTING SUMMARY

TftC
Customer-focused Solutions



PE
RC

EN
T 

FI
NE

R
 B

Y 
W

EI
G

H
T

00

95

90

85

60

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

U.S. SIEVE OPENING IN INCHES I U.S. SIEVE NUMBERS HYDROMETER

6 4 3 2 1.S 1 3/4 1/23/8 3 4 6 810 14 16 20 30 40 50 60 '"MO200

I I k I

p^ffl

^ ^

^

I ,

->
V

\ »
s

I

X

\

\

I

^

^>

i

\

rr i

i

S
^ -
\

•

N S

V
\

^
\

1

S

>
t

\

^

N,

V

I

s.

s *
\
\

^
\
^

I I

V\
\ s

V
\\
sXv
^: i

j -

100 10 1 0.1 0.01 0.0

GRAIN SIZE IN MILLIMETERS

COBBLES
GRAVEL

coarse fine
SAND

coarse medium fine
SILT OR CLAY

Specimen Identification
•
X
A

*

©

G-01 0.0
G-02 0.0
G-03 0.0
G-04 0.0
G-05 0.0

Specimen Identification
•
CD
A

*

©

G-01 0.0
G-02 0.0
G-03 0.0
G-04 0.0
G-05 0.0

Classification
FILL: SANDY CLAY (CL)

FILL: CLAYEY SAND (SC)
FILL: CLAYEY SAND (SC), brown
FILL: CLAYEY SAND (SC), brown
FILL: CLAYEY SAND (SC), brown

D100
19
19
19
19
19

D60
0.122
1.624
0.826
0.362
0.217

D30 D10

LL PL
31 14

31 15
26 15
23 12

%Gravel %Sand
9.8 33.2
22.1 38.9
23.4 40.4
13.3 42.9
8.4 45.5

PI
17

16
11
11

Cc C

%Silt %CI,
53.5
33.9
34.9
37.0
39.9

GRAIN SIZE DISTRIBUTION

iLOWNEVASSOCIAES
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Location: SANTA FE SPRINGS. CALIFORNIA
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GRAIN SIZE IN MILLIMETERS

COBBLES
GRAVEL

coarse | fine
SAND

coarse medium fine
SILT OR CLAY

Specimen Identification
•
CO
A

*
©

G-05 11.0
G-06 0.0
G-07 0.0
G-07 26.0
G-08 0.0

Specimen Identification
•
CD
A

*

©

G-05 11.0
G-06 0.0
G-07 0.0
G-07 26.0
G-08 0.0

Classification
NATIVE: SILT (ML)

FILL: CLAYEY SAND (SC), brown
FILL: CLAYEY SAND (SC)

SILT (ML)
FILL: CLAYEY SAND (SC)

D100
100
19
19

0.85
19

D60

0.323
0.365

0.202

D30

0.087

LOWNEVASSOCIAES
Envlronmental/Geotechnlcal/Engineering Services

D10

LL PL

28 14

%Gravel %Sand
1.2 30.9
16.3 43.2
14.1 49.0
0.0 1.4
12.5 41.8

PI

14

Cc C

%Silt V, f^l/0\s\

65.1
38.9
27.6
97.6
43.4

GRAIN SIZE DISTRIBUTION
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Project No.: 1651-8A
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100 10 1 0.1

GRAIN SIZE IN MILLIMETERS

COBBLES GRAVEL
coarse fine

SAND
coarse medium fine

0.01 0.0

SILT OR CLAY

Specimen Identification
•
CD
A.

*

©

G-09 0.0
G-10 0.0
G-11 0.0
G-12 0.0
G-13 0.0

Specimen Identification
•
X
A

*

©

G-09 0.0
G-10 0.0
G-11 0.0
G-12 0.0
G-13 0.0

Classification
FILL: CLAYEY SAND (SC), brown

FILL: CLAYEY SAND (SC)
FILL: CLAYEY SAND (SC)

FILL: CLAYEY SAND (SC), brown
FILL: CLAYEY SAND (SC), brown

D100
19
19

12.5
19
25

D60
6.376
2.693
0.373
2.223
4.909

D30
0.415
0.076

0.133
0.425

UOWNBTASSOOAES
Environmental/Geotechnteal/EngineerJng Services

D10

LL
33

31
%Gravel

44.2
29.6
11.2
25.4
37.2

PL
17

18
%Sand

29.6
36.4
39.6
46.6
41.8

PI
16

13

Cc C

%Silt %CI
20.8
29.9
42.4
24.9
17.3

GRAIN SIZE DISTRIBUTION
Project: WASTE DISPOSAL SUPERFUND SITE

Location: SANTA FE SPRINGS. CALIFORNIA

Project No.: 1651-8A
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Boring No.

G-01

G-01

G-02

G-03

G-03

G-04

G-04

G-05

G-06

G-06

G-09

G-09

G-09

G-10

Depth
(ft.)

0.0

20.0

15.0

0.0

15.0

0.0

10.0

0.0

0.0

15.0

0.0

11.0

20.0

11.0

Natural
Water

Content
(%)

-NA-

Liquid
Limit
(%)

31

45

39

31

25

26

96

23

28

49

33

31

36

46

Plastic
Limit
(%)

14

27

12

15

9

15

19

12

14

21

17

18

11

22

Plasticity
Index
(%)

17

18

27

16

16

11

77

11

14

28

16

13

25

24

Passing
No. 200
Sieve

54

35

37

40

39

21

Unified Soil Classification Description '

FILL: SANDY CLAY (CL)

FILL: BENTONITE CLAY (CL)

CLAY (CL), olive brown

FILL: CLAYEY SAND (SC), brown

FILL: CLAY(CL)

FILL: CLAYEY SAND (SC), brown

FILL: BENTONITE CLAY (CH)

FILL: CLAYEY SAND (SC), brown

FILL: CLAYEY SAND (SC), brown

FILL: BENTONITE CLAY (CL)

FILL: CLAYEY GRAVEL (GC)

FILL: CLAY(CL)

FILL: BENTONITE CLAY (CL)

FILL: BENTONITE CLAY (CL)
0 G-13 0.0 31 18 13 17 FILL: CLAYEY SAND (SC), brown

• G-13 15.0 20 13 7 FILL: CLAY(CL)

LOWNEVASSOCWES
Envlronmental/Geotechnlcal/Englneering Services

PLASTICITY CHART AND DAT,
Project: WASTE DISPOSAL SUPERFUND SITE

Location: SANTA FE SPRINGS, CALIFORNIA
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KEANTAN LABORATORY TEST DATA - TM NO. 15 INVESTIGATIONS

TftC
Customer-Focused Solutions



KEANTAN
•>DICC

email: keantanlab@aol.com
I A R^^BA T|OJ?/ fS www.keantanlabs.com

October 4. 2002

TRC Environmental Solutions. Inc.
21 Technology Drive
Irvine, CA 92718

Attention: Mr. Alien Blodgett

Subject: Report/Laboratory Test Results
Project Name: \\ Dl Santa Fe Springs
Project No.: 1651-8A
KTL Project No.: 02-056-002

Dear Mr. Bloagett:

Enclosed are results of the laboratory testing program conducted on samples from the above
referenced oroject. The testing performed for this program was conducted in general accordance
with testing procedures as follows:

TYPE OF TEST TEST PROCEDURE
Moisture/Density ASTM D 2216/2937
Grain Size Analysis ASTM D 422
Modified Proctor ASTM D 1557
Atteroerg Limits ASTM D 4318
UU Tnaxial ASTM D 2850
Direct Shear ASTM D 3080
Hydraulic Conductivity ASTM D 5084
Consolidation ASTM D 2435

Attached herewith are Summary of Laboratory Test Results(3), Summary of Triaxial Permeability
Test Results! 1). Consolidation Test Results with summary tables (6). Modified Compaction Test
Results(S). UU Tnaxial ResultsiQ). Grain Size Distribution Curves(17), and Direct Shear Test
Results! 7)

We appreciate the opportunity to provide testing services to TRC Environmental Solutions, Inc. If
you have anv questions regarding tne test results, please contact us.

Very truly yours.
Keantan Laooratones

Kean Tan. PE
Principal

line-Is.

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KSAHJAN
www. keantanlabs. com

email: keantanlab@aol.com

PROJECTS

PROJECT':

DATE:

i ARY OF LABORATORY TEST RESULTS (page 1of 3)

ANTA FE SPRINGS KTLNO.: 02-056-002

CLIENT: TRC ENV. SOLUTIONS

SUMMARIZED BY: K. Tan

BORING
NO.

G-01

G-02

G-03

G-04

DEPTH

(ft)
0-5
5.5

10.5
15.5
20
23
0-5
1 5
5.5
10.0

15
2C.5
25.5
;j ..'•',

1 ' •

•-; 5
1 0 5
15 0
20.5
"7 ̂  "

30.5
35 .5
40.5
45 5
0-5
1.5
5.5

10.0
15.0

MOISTURE
CONTENT

(%)

11.4
81.1
47.6
54.7

12.7
11.1
17.3
17.0

13.1
19.9
15.8
13.3

15.8
19.8

103.9
17.1

DRY
DENSITY

(pcf)

113.4
50.7
67.7
59.4

99.3
122.4
112.2
97.5

104.2
103.2
118.0
121.3

97.0
93.7
41.3

uses
CLASS.

CL

sc

sc

GRAIN SIZE
DIST.

GR:SA:FI
13:33:54

27:39:34

25:40:35

20:43:37

ATTERBERG
LIMITS

LLPLPI
30:14:16

44:27:17

38:12:26

29:15:14
!

24:9:14

24:15:9

96:19:77

720 North Voiles Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KEANTAN
LABORATORIES www.keantanlabs.com

email: keantanlab@aol.com

SUMMARY OF LABORATORY TEST RESULTS (page 2 of 3)

PROJECT NAME: WDI/SANTA FE SPRINGS

PROJECT NO.. 1651-8A

DATE: 10-4-02

KTLNO.: 02-056-002

CLIENT: TRC ENV. SOLUTIONS

SUMMARIZED BY: K. Tan

BORING
NO.

G-04
G-05

SAMPLE
NO

5
Bulk

1
2
3
4

DEPTH

(ft)
20.0
0-5
1.5
5.5
10.5
15.5

5 | 20.5
G-06 Bulk

1
~)

-J

4

0-5
1.5
5.5
10.5
12.0

5 15.0
6

8
9

G-07 Bulk
1
2
•-*o
4
5
6
/

8
G-08 Bulk

1
2
3
4

20
25

30.5
35.5

L 0-5
1.5
5.5
10.0
15.0
20.5
25.5
30.5
35.5
0-5
1.5
5.5
10.0
15.0

MOISTURE
CONTENT

(%)
18.0

10.7
9.5
12.7

4.9
15.4

125.8
58.2
44.0
44.6
5.1

2.9
10.3
52.8
13.5
12.6
34.8

8.1
56.5
24.4
12.8

DRY
DENSITY

(pcf)
82.4

95.2
113.9
98.9

103.7
87.2
46.1

74.6
69.5

96.7
111.4
63.5
101.5
104.3
92.5

94.3
70.0

107.2

uses
CLASS.

SC

SC

GRAIN SIZE
DIST.

GR:SA:FI

15:45:40

3:32:65

18:43:39

23:49:28

0:2:98

15:42:43

ATTERBERG
LIMITS

LLPLPI

23:12:11

26:14:12

47:21:26

J

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KEAMTAN
LABORATORIES www. keantanlabs. com

email: keantanlab@aol.com

3;_v-;,MARY OF LABORATORY TEST RESULTS (page 3 of 3)

PROJECT NA;.;E :: SANTA FE SPRINGS KTL NO.: 02-055-002

PROJECT I-."". : -:A CLIENT: TRC ENV. SOLUTIONS

DATE: 2 SUMMARIZED BY: K. Tan

BORING i DEP'H
NO. :

f t t )
G-08 20.0
G-09 0-r

0 L;
10.5
16 5
20.0
23.5

G-10 0-5
1.5
5.5
10 5
15.5

G-1 1 0-5
5 <;

* ^ -~
\ c; .-

20.5

G-1 2

5 5
1 0 '• '•'
\ 5 0
20.0
• ; fz ..

G-1 3 0-:
1 ;:

5 b
, 10.5

15.0
20.5
25.5

MOISTURE
CONTENT

(%)
31.7

13.9
15.7
14.8
13.4
11.5

10.6
76.8
27.5
22.8

11.8
7.6
12.2
28.6

3.3
11.1
41.3
12.5
14.9
14.7

5.61
11.1
58.0
17.3
14.0
11.1

DRY
DENSITY

(pcf)
86.5

105.6
114.7
115.6
114.6
120.2

106.7
61.3
92.9

*

103.2
117.5
123.2

*

*

96.7
69.3
117.0

101.8

*

61.3
112.2
121.5
94.7

uses
CLASS.

SC

CL

SC

GRAIN S\ZE
DIST.

GR:SA:FI

50:29:21

0:35:65

34:36:30

18:40:42

**

28:47:25

41:42:17

0:47:53

ATTERBERG
LIMITS

LLPLPI
I

29:17:12

28:18:10

32:12:21
i

43:22:21

i
I

I

28:18:10

18:13:5 J

i

c:\ My Docume
* disturbed s

'.ItJOIlS \ WCI!

"*'oo much liquid oil for sieve to be performed.

720 North Valley i Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



T A B L E I
S U M M A R Y O F C O N S O L I D A T I O N T E S T R E S U L T S

(ASTM D2435)

PROJECT NAME: .P.: SANTA FE SPRINGS KTL #: 02-056-002

CLIENT PROJECT;:' ~ : - 3 A CLIENT: TRC

REPORT DATE: 'VJST2002 SUMMARIZED B Kean Tan

Depth (ft.):

Specific Gravity:

Final Moisture (%

Initial Void Ratio:

20

2.70 (Assumed)

68.50

1.838

:KNESS

• • • I

.3000

..•777

.'763

:.238 .

...i283

;.8230

:,8315

3276

VOID
RATIO

1.838

1.774

1.770

1.338

1.350

1.335

1.360

1.349

:.3121 1.305

,).8154

0.8164

1.314

1.317

STRAIN
% OF SAMPLE

THICKNESS

0

2.23

2.37

17.62

17.17

17.70

16.85

17.24

18.79

18.46

18.36

LOAD
COMPLIANCE

0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

CORRECTED
STRAIN

0.00

2.23

2.37

17.62

17.17

17.70

16.85

17.24

18.79

18.46

18.36



T A B L E

S U M M A R Y O F C O N S O L I D A T I O N T E S T R E S U L T S

(ASTM D2435)

PROJECT NAME: WDI/SANTA FE SPRINGS KTL #: 02-056-002

CLIENT PROJECT NO.: 1651-8A CLIENT: TRC

REPORT DATE: AUGUST 2002 SUMMARIZED B Kean Tan

Boring No.:

Dry Density (pcf):

Initial Moisture (%):

Initial Length (in.):

Initial Dial Reading:

G-04/#3

41.3

103.90

1.000

0.2476

Depth (ft.):

Specific Gravity:

Final Moisture (%

Initial Void Ratio:

10

2.70 (Assumed)

114.30

3.081

PRESSURE
(P)

(ksf)

0.10

0.20

0.50

1.00

0.30

0.50

H2O

1

2

1

0.3

i
FINAL ! THICKNESS

READING i
(in) ! (in)

0.2476 ! 1.0000

0.2576 ! 0.9900

0.2670 i 0.9806

0.3312 : 0.9164
:

0.3302 i 0.9174

0.3444 i 0.9032

|
0.3288 ! 0.9188

0.3358 i 0.9118

0.3698 i 0.8778

0.3651 ! 0.8825

0.3483 : 0.8993

VOID
RATIO

3.081

3.041

3.002

2.740

2.744

2.686

2.750

2.721

2.583

2.602

2.670

STRAIN
% OF SAMPLE
THICKNESS

0

1

1.94

8.36

8.26

9.68

8.12

8.82

12.22

11.75

10.07

LOAD
COMPLIANCE

(%)

0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

CORRECTED
STRAIN

(%)

0.00

1.00

1.94

8.36

8.26

9.68

8.12

8.82

12.22

11.75

10.07



T A B L E

S U M M A R Y O F C O N S O L I D A T I O N T E S T R E S U L T S

(ASTM D2435)

PROJECT NAME: Ci SANTA FE SPRINGS KTL #: 02-056-002

CLIENT PROJECT"'.: 51-8A CLIENT: TRC

REPORT DATE: "3LIST 2002 SUMMARIZED B Kean Tan

Boring No.:

Dry Density (DC'/

Initial Moisture CJ-

Initial Length ( in.,

Initial Dial Reaa:;;

PRESSURE
(P)

(ksf)

0.10

0.50

1.00

1.50

0.30

0.50

H2O

;-G6/#5

74.6

44.00

1.000

0.2449

Depth (ft.):

Specific Gravity:

Final Moisture (%

Initial Void Ratio:

15

2.70 (Assumed)

35.20

1.260

0.3

iOKNESS

' • )

' GOOD

. 2804

J063

3959

•.3976 >

0.8948

0.9039 '

0.9005

5.8908 !

0.8934 .

0.9012

VOID
RATIO

1.260

1.215

1.048

1.024

1.028

1.022

1.042

1.035

1.013

1.019

1.036

STRAIN
% OF SAMPLE

THICKNESS

0

1.96

9.37

10.41

10.24

10.52

9.61

9.95

10.92

10.66

9.88

LOAD
COMPLIANCE

(%)

0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

CORRECTED
STRAIN

(%)

0.00

1.96

9.37

10.41

10.24

10.52

9.61

9.95

10.92

10.66

9.88



T A B L E

S U M M A R Y O F C O N S O L I D A T I O N T E S T R E S U L T S

(ASTM D2435)

PROJECT NAME: WDI/SANTA FE SPRINGS KTL #: 02-056-002

CLIENT PROJECT NO.: 1651-8A CLIENT: TRC

REPORT DATE: AUGUST 2002 SUMMARIZED B Kean Tan

Boring No.:

Dry Density (pcf):

Initial Moisture (%):

Initial Length (in.):

Initial Dial Reading:

G-09/#4

114.6

13.40

1.000

0.5851

Depth (ft.):

Specific Gravity:

Final Moisture (%

Initial Void Ratio:

20

2.70 (Assumed)

15.24

0.471

PRESSURE
(P)

(ksf)

0.10

0.50

1.00

2.00

0.30

0.50

H2O

1

2

1

0.3

FINAL ! THICKNESS
READING !

(in) ; (in)

0.5851 1.0000

0.5787 0.9936

0.5737 0.9886

0.5638 0.9787

0.5653 0.9802

0.5652 0.9801

0.5801 I 0.9950
i

0.5784 ! 0.9933
-

0.5722 ! 0.9871

0.5736 ! 0.9885

0.5772 ' 0.9921

VOID
RATIO

0.471

0.461

0.454

0.440

0.442

0.442

0.464

0.461

0.452

0.454

0.459

STRAIN
% OF SAMPLE

THICKNESS

0

0.64

1.14

2.13

1.98

1.99

0.50

0.67

1.29

1.15

0.79

LOAD
COMPLIANCE

(%)

0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

CORRECTED
STRAIN

(%)

0.00

0.64

1.14

2.13

1.98

1.99

0.50

0.67

1.29

1.15

0.79



T A B L E

S U M M A R Y O F C O N S O L I D A T I O N T E S T R E S U L T S

(ASTM D2435)

PROJECT NAME: ;C!/SANTA FE SPRINGS KTL #: 02-056-002

CLIENT PROJECT::; :;5i-8A CLIENT: TRC

REPORT DATE: 3UST2002 SUMMARIZED B Kean Tan

Boring No.:

Dry Density (pc:

Initial Moisture i

Initial Length cr

Initial Dial Reac

PRESSURE
(P)

(ksf)

0.10

0.2

0.50

1.00

0.30

0.50

H20

'i- lO/#3

92.9

27.52

1.000

0.1940

Depth (ft.):

Specific Gravity:

Final Moisture (%

Initial Void Ratio :

10.5

2.70 (Assumed)

27.68

0.814

0.3

HiCKNESS

n)

'.0000

.3907

'.9817

9623

,.9630 .

0.9626

0.9645

'.9629

J.9493

0.9508

0.9531

VOID
RATIO

0.814

0.798

0.781

0.746

0.747

0.747

0.750

0.747

0.722

0.725

0.729

STRAIN
% OF SAMPLE

THICKNESS

0

0.93

1.83

3.77

3.7

3.74

3.55

3.71

5.07

4.92

4.69

LOAD
COMPLIANCE

(%)

0

0

0

0

0

0

0.00

0.00

0.00

0.00

0.00

CORRECTED
STRAIN

(%)

0.00

0.93

1.83

3.77

3.70

3.74

3.55

3.71

5.07

4.92

4.69



T A B L E

S U M M A R Y O F C O N S O L I D A T I O N T E S T R E S U L T S

(ASTM D2435)

PROJECT NAME: WDI/SANTA FE SPRINGS KTL #: 02-056-002

CLIENT PROJECT NO.: 1651-8A CLIENT: TRC

REPORT DATE: AUGUST 2002 SUMMARIZED B Kean Tan

Boring No.:

Dry Density (pcf):

Initial Moisture (%):

Initial Length (in.):

Initial Dial Reading:

G-12/#4

117.0

12.50

1.000

0.1954

Depth (ft.):

Specific Gravity:

Final Moisture (%

Initial Void Ratio:

15

2.70 (Assumed)

11.88

0.441

PRESSURE FINAL i THICKNESS
(p) READING i

(ksf) (in) (in)

0.10 0.1954 I 1.0000

0.5 , 0.201 0.9944

1.00 0.2061 ! 0.9893

1.50 0.2110 j 0.9844

0.30 0.2093 i 0.9861

0.50 i 0.2096 | 0.9858

H20 | 0.2077 i 0.9877
i

1 ! 0.209 ! 0.9864

2 , 0.2119 i 0.9835

1 0.2108 | 0.9846

0.3 ' 0.2089 0.9865

VOID
RATIO

0.441

0.433

0.425

0.418

0.421

0.420

0.423

0.421

0.417

0.419

0.421

STRAIN
% OF SAMPLE

THICKNESS

0

0.56

1.07

1.56

1.39

1.42

1.23

1.36

1.65

• 1.54

1.35

LOAD
COMPLIANCE

0

0

0

0

0

0

0.00

0.00

0.00

0.00

0.00

CORRECTED
STRAIN

0.00

0.56

1.07

1.56

1.39

1.42

1.23

1.36

1.65

1.54

1.35
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CONSOLIDATION TEST RESULTS
(ASTM D2435)

PRCJ~:'
CLIE:-":

TDI/SANTA FE SPRINGS

:,ECT NO.: 1651-8A

I : AUG 2002

KTL NO.: 02-056-002

CLIENT : TRC

SUMMARIZED BY : K. TAN

BC

IN™..

G-01/ 4

:;SITY : 59.4 pcf.

-VflO : 1.838

TTY : 2.70(ASSUMED)

DEPTH : 20 ft.

INITIAL MOISTURE CONTENT : 54.7 pot.

720 North Voile-. '.•

COMPRESSIVE STRESS (KSF)
FIGURE NO.

Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568

10



KEANTAN
LABORATORIES www.keantanlabs.com

email: keantanlab@aol.com

CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: WDI/SANTA FE SPRINGS

CLIENT PROJECT NO.: 1651-8A

REPORT DATE : AUG 2002

KTL NO.: 02-056-002

CLIENT : TRC

SUMMARIZED BY : K. TAN

BORING NO. : G-04/ 3

INITIAL DRY DENSITY : 41.3 pcf.

INITIAL VOID RATIO : 3.081

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 10 ft.

INITIAL MOISTURE CONTENT : 103.9 pet.

0.00 -©

2.00

O 4.00
H
Q
h-H

O
cn 6.00
O

H

U

w
DH

8.00

10.00

12.00

LOO

10

\,

\

COMPRESSIVE STRESS (KSF)
10

FIGURE NO.
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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email: keantanlab@aol.com

PRO;
CLII:
RE?

CONSOLIDATION TEST RESULTS
(ASTM D2435)

TDI/SANTA FE SPRINGS

1651-8A

AUG 2002

KTL NO.: 02-056-002
CLIENT : TRC

SUMMARIZED BY : K. TAN

BC;
IN::

G-06/ 5

TSITY : 74.6 pcf.

TIO : 1.260

7Y : 2.70(ASSUMED)

DEPTH : 15 ft.

INITIAL MOISTURE CONTENT : 44.0 pet.

720 North Voiles

SATU RATE!

1 10
COMPRESSIVE STRESS (KSF)

FIGURE NO.
Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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email: keantanlab@aol.com

CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: WDI/SANTA FE SPRINGS

CLIENT PROJECT NO.: 1651-8A

REPORT DATE : AUG 2002

KTL NO.: 02-056-002

CLIENT : TRC

SUMMARIZED BY : K. TAN

BORING NO. : G-09/ 4

INITIAL DRY DENSITY : 114.6 pcf.

INITIAL VOID RATIO : 0.471

SPECIFIC GRAVITY : 2.70 (ASSUMED)

DEPTH : 20 ft.

INITIAL MOISTURE CONTENT : 13.4 pet.

o
H

O
K

0.00

0.25

0.50

0.75

o
g i.oo
o

1.25

1.50

1.75

2.00

2.25
10

\
\

COMPRESSIVE STRESS (KSF)
10

FIGURE NO.
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KEANTAN
LMOHATORIES www./cecrntan/ots.com

email: keantanlab@aol.com

PPG;:
GUI.

CONSOLIDATION TEST RESULTS
(ASTM D2435)

TOI/SANTA FE SPRINGS
: jJECT NO.: 1651-8A

:E : AUG 2002

KTL NO.: 02-056-002

CLIENT : TRC

SUMMARIZED BY : K. TAN

G-10/ 3

.ENSITY : 92.9 pcf.

3ATIO : 0.814

'..VTTY : 2.70(ASSUMED)

DEPTH : 10.5 ft.

INITIAL MOISTURE CONTENT : 27.5 pet.

720 North Vaile

\

1 10
COMPRESSIVE STRESS (KSF)

FIGURE NO.
-3 B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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email: keantanlab@aol.com

CONSOUDATION TEST RESULTS
(ASTM D2435)

PROJECT: WDI/SANTA FE SPRINGS
CLIENT PROJECT NO.: 1651-8A

REPORT DATE : AUG 2002

KTL NO.: 02-056-002
CLIENT : TRC

SUMMARIZED BY : K. TAN

BORING NO. : G-12/ 4

INITIAL DRY DENSITY : 117.0 pcf.

INITIAL VOID RATIO : 0.441

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 15 ft.

INITIAL MOISTURE CONTENT : 12.5 pet.

o
>-H

H
<
Q

H
Z
W
U
K
W
(X

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75
10

SATURATE]

\

\

\

COMPRESSIVE STRESS (KSF)
10

FIGURE NO.
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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PROJ!
PRO.Ii
DAT] ,
BOKP
S A N ' i 1

s A '••.;,
R l \ <
R l \ .
M O l -

Direct Shear (CD) Test Results
ASTMD3080

;! S A N T A FE SPRINGS

• r 2002

1 2.0 percent

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft) : 0-5
USCS CLASS.:SC

SATURATED: YES
DRV DENSITY: 110.7 pcf

3000

I
C/}

2500

2000

1500

1000

500

0

Peak
I Jllhmte

720 North Valley

1500 2000 2500 3000

Normal Pressure (psf)
(degrees) Cohesion (psf)

688
552

FIGURE NO.

Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KEANTAN
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email: keantanlab@aol.com

t/5D.

;75
3
5J

E75

3000

2500

2000

1500

1000

500

Direct Shear (CD) Test Results
ASTMD3080

PROJECT NAME: WDI/SANTA FE SPRINGS
PROJECT NO.: 165I-8A
DATE: AUGUST 2002
BORING NO.: G-OI
SAMPLE NO.: -1
SAMPLE TYPE: RING
RING DIAMETER: 2.42 IN.
R I N G H E I G H T : 1 .0 IN .
MOISTURE CONTENT: 11.4 percent

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 5.5
USCS CLASS.: SC with rocks

SATURATED: YES
DRY DENSITY: 113.4 pcf

500 1000 1500 2000 2500 3000

Normal Pressure (psf)
ITiction Angle (degrees) Cohesion (psf)

Peak 48 459
I 'kiinaie 53 0

FIGURE NO.
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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Direct Shear (CD) Test Results
AS1MD3080

t/3o.

OJ

3000

2500

2000

1500

1000

500

PRO.M:
DA i'!"..
B O R i '
S A M : '
s . \ \ ; r
RI \ '.
RI \ i
\ior-

i ) i SANTA F E SPRINGS

: T 2002

IOLD
. i : IN .
-. I : ld .5 percent

a
A

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 0-5
USCS CLASS.:SC

SATURATED: YES
DRY DENSITY: 1 1 1 . 2 pcf

P,v•ak
I Iltimaic

720 North Valley

100(1 1500 2000 2500 3000

Normal Pressure (psi)
uieyixvs) Cohesion (pst)

94
72

FIGURE NO.
Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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Direct Shear (CD) Test Results
ASTMD3080

PROJECT N A M E : W D I / S A N T A FE SPRINGS
PROJECT NO.: I651-8A
DATE: AUGUST 2002
BORING NO.: G-06
S A M P L E NO. : - I
SAMPLE TYPE: RING
R I N G D I A M E T E R : 2.42 IN .
R I N G HEIGHT: 1.0 IN.
M O I S T U R E CONTENT: 4.1) percent

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 1.5
USCS CLASS.: SC

SATURATED: YES
DRY DENSITY: 103.7 pcf

3000

p

IT:

2500

2000

1500

1000

500

0

500 1000 1500 2000 2500 3000

Normal Pressure (pst)
Friction Angle (degrees) Cohesion (pst)

Peak 37 230
Ultimate 37 177

FIGURE NO.
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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Direct Shear (CD) Test Results
ASTMD3080

B
SJ

c/5

3000

2500

2000

1500

1000

D\C
U O R :
s . \ \ ;
S V
ur- '
u r
\K i

. HI SANTA FE SPRINGS
: -HA

ST 2002

MOLD
1.42 IN.
A.
AT: ').> percent

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 0-5
USCS CLASS.:SC

SATURATED: YES
DRY DENSITY: 112.5 pcf

500

Peak

720 North Vallev

1000 1500 2000 2500 3000

Nomial Pressure (psf)
\;:L;lo(dcyives) Cohesion (pst)

- - 1 1 4
52

FIGURE NO.
• Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KEANTAN
LABORATORIES vwvw./ceantan/afas.com

email: keantanlab@aol.com

Direct Shear (CD) Test Results
ASTMD3080

PROJECT N A M E : WDI/SANTA FE SPRINGS
PROJECT NO.: 1651-8A
DATE: AUGUST 2002
BORING NO.: G-12
S A M P L E NO.: =2
S A M P L E T Y P E : R I N G
R I N G D I A M E T E R : 2.42 IN .
R I N G H E I G H T : 1 . 0 I N .
MOISTURE CONTENT: I I . I percent

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 5.5
USCS CLASS.: SC

SATURATED: YES
DRY DENSITY: 96.7 pcf

3000

2500

2000

H 1500

c/5 1000

500

0

500 1000 1500 2000 2500 3000

Normal Pressure (psf)
IViction Angle (degrees) Cohesion (psf)

Peak 37 219
Ultimate 37 219

FIGURE NO.
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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DYiT.
UOK!
S A M ! 1

S.-\\

Direct Shear (CD) Test Results
ASTMD3080

' . Dl SANTA FE SPRINGS
-SA
S T 2002

MOLD
2,42 IN.
IN.
NT: ').() percent

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 0-5
L'SCS CLASS.:SC

SATURATED: YES
DRY DENSITY: 113.9 pcf

3000

p

j3
t~

•J^

2500

2000

1500

1000

500

1000 1500 2000 2500 3000

Peak
Ultimate

720 North Valley Sr

\iirmal Pressure (pst)
idegrees) Cohesion (pst)

395
281

FIGURE NO.

Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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120

118

116

114

Modified Compaction Test Results
ASTMD1557

PROJECT NAME: WDI.'SANTA FE SPRINGS
PROJECT NO.: I65I-SA
DATE: September 2002
BORING NO.: G-OI
SAMPLE NO.: Bulk

METHOD: A
DROP: 18 INCHES
NUMBER OF LAYERS: 5

K.TL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 0-5
USCS CLASS.: SC

RAM WEIGHT: 10 LBS
RAM TYPE: MANUAL
BLOWS/LAYER: 25

Zero Void Lines
S.G. = 2.6
S.G. = 2.7

110

108

106

104

102

100

4 8 10 12 14 16 18 20 22 24 26 28 30

Moisture Content (percent)
()piimum Moisture Content. % Maximum Dry Density, pet"

12 123
FIGURE MO.

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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130

128

126
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122

120

us
116

114

112

110

108

106

104

102

100

PRO.!
P R O j
DA n
BOk!
S A N !

( > p u n u

Modified Compaction Test Results
ASTMD1557

SANTA FE SPRINGS

- 2002

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (f t ) : 0-5
USCS CLASS.: SC

RAM WEIGHT: 10 LBS
RAM TYPE: M A N U A L
BLOWS/LAYER: 25

Zero Void Lines
S.G. = 2.G
S G = 2 . 7
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Modified Compaction Test Results
ASTMD 1557

PROJECT N A M E : WDI /SANTA FE SPRINGS
PROJECT NO.: I651-8A
DATE: September 2002
B O R I N G NO.: (i-04
S A M P L E NO.: Bulk

METHOD: A
DROP: 18 INCHES
Nl MBEROT LAYERS: 5

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 0-5
USCS CLASS.: SC

RAM WEIGHT: 10 LBS
RAM TYPE: MANUAL
BLOWS/LAYER: 25

Zero Void Lines
S.G = 2.6

SG. = 2.7
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FIGURE NO.
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Modified Compaction Test Results
ASTMD1557

PROJECT N A M E : WDI/SANTA FE SPRINGS
PROJECT NO.: I 6 5 I - 8 A
DATE: September 2002
B O R I N G NO.: (i-06
S A M P L E NO.: B u l k

METHOD: A
D R O P : I S I N C H E S
M M I 5 E R ()l L A Y E R S : 5

K.TL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 0-5
USCS CLASS.: SC

RAM WEIGHT: 10 LBS
RAM TYPE: M A N U A L
BLOWS/LAYER: 25

Zero Void Lines
S.G =2.6
S.G = 2.7
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Moisture Content (percent)
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FIGURE NO.
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Modified Compaction Test Results
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CLIENT: TRC
DEPTH (ft): 0-5
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Modified Compaction Test Results
ASTMD1557

PROJECT N A M E : WDI/SANTA FE SPRINGS
PROJECT NO.: 1651-8A
DATE: September 2002
BORING NO.: G-12
S A M P L E NO.: Bu lk

METHOD: A
DROP: IS I N C H E S
Nl M I 5 E R 01 L A Y E R S : 5

KTL NO.: 02-056-002
CLIENT: TRC
DEPTH (ft): 0-5
USCS CLASS.:SC

RAM WEIGHT: 10LBS
RAM TYPE: M A N U A L
BLOWS/LAYER: 25
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S.G. = 2.7
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-1 KEANTAN ATTERBERG LIMITS
•L LABORATORIES ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-01/#4___________
OLIVE (ML)________

KTL No.: 02-050-002
DEPTH: 2U

Proj.No.: 1651-8 A1

Date: 9/25/02
Tested By: ___ JC

Checked By: ___

Can Number
Weight of Can + Wet Soil, gim.
Weight of Can + Dry Soil, gins.
iVcight of Can, gim.

Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

HA-47
9.18
6.79
1.14
5.65
2.39
42.3
34

Liquid Limit

HA-21
10.14
7.41
1.14
6.27
2.73
43.5
29

B-20
5.93
4.91
1.12
3.79
1.02
26.9

Unified Soil Classification ML

49 ———————————————————————————— ...

^48,
z 47 -i_i •*'
z 46 -
8 45 -
{£.uj 44 _

^ 43 -5 ^-3

42 -1
]

———— n -

10
NUMBER OF BLOWS

LL= 44 PL= 27 IM-- 17

"U" Line

Plastic Limit
B-55
6.05
5.00
1.14
3.86
1.05
27.2

100

"A" Line

10 20 30 50 60 70
Liquid Limit, %

80 90 100 110 120



KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name: WDI/SANTA FE SPRINGS KTLNo.: 02-056-002 Proj.No.; 1651-8A
Sample No.:
Description:

G-01/#BULK
BROWN (SC)

Can Number
Weight of Can + Wet Soil, gms.
Weight of Can -1- Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content. %
Number of Blows

DEPTH: 0-5

Liquid Limit
HA-23

9.77
7.86
1.13
6.73
1.91
28.4
34

HA-60
10.67
8.51
1.14
7.37
2.16
29.3
29

HA-2
11.80
9.12
1.14
7.98
2.68
33.6

IS

Unified Soil Classification

W
AT

ER
 C

ON
TE

NT
,%

i\j 
ro

 
co

 
Co

 
co

 
co

 
co 1 -

3 -
•)

1 -
) -
3 -

3 -

Date:
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9/25/02
JC

Plastic Limit
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14.4
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B-51A
6.26
5.61
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4.48
0.65
14.5
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% KEANTAN
ill LABORATORIES

Project Name: WDI/SANT
Sample No.:
Description:

ATTERBERG LIMITS
ASTM D4318

A FE SPRINGS KTL No.: 02-056-002
G-02/#4
OLIVE BROWN (CL)

Depth, ft.: 15
Proj.No.: 1651-8A

Date:
Tested By:

9/25/02
JC

Checked By:

Can Number
Weight of Can + Wet Soil, gms.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content. %
Number of Blows

Liquid Limit Plastic Limit
HA-63

9.85
7.52
1.13
6.39
2.33
36.5
34

HA-55 l l , \ - ( , - - B-51A
10.68 ! ! .> . 5.66
8.07 x . ; : 5.19
1.15 l . i - 1.13
6.92 ~.M 4.06
2.61 •«- 0.47
37.7 4: 11.6
29

Unified Soil Classiflcation CL
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0 39 -o
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B-26
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KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-03/#4________
BROWN (SC) _______

KTL No.:
Depth, ft.:

02-056-002
15

Proj. No.: 1651-8A
Date:_9/25/02

Tested By: _
Checked By:

JC

Liquid Limit Plastic Limit
Can Number HA-46 HA-52 HA-50 B-24 B-13
Weight of Can + Wet Soil, giro. 8.71 9.24 11.77 5.92 5.69
Weight of Can + Dry Soil, gms. 7.31 7.68 9.53 5.51 5.29
Weight of Can, gms. 1.14 1.14 1.13 1.15 1.12
Weight of Dry Soil, gms. 6.17 6.54 8.40 4.36 4.17
Weight of Water, gms. 1.40 1.56 2.24 0.41 0.40
Water Content. % 22.7 23.9 26.7 9.4 9.6
Sumbcr of Blows 33 28 18

Unified Soil Classification
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KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-03/#BULK_______
BROWN (SC) ___

KTL No.:
DEPTH:

02-050-002
0-5

Proj.No.: 1651-8 A
Date: 9/25/02

Tested By: ____JC
Checked By: ___

Can Number
Weight of Can + Wet Soil, firm.
Weight of Can + Dry Soil, gins.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

HA-38
9.65
7.81
1.15
6.66
1.84
27.6
34

Liquid l. i inil
HA-39

9.96
7.94
1.12
6.82
2.02
29.6
29

Plastic Limit
B-53
6.04
5.38
1.13
4.25
0.66
15.5

B-50A
6.46
5.76
1.16
4.60
0.70
15.2

Unified Soil Classification CL
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ATTERBERG LIMITS
^ UBcStATOIWS ASTMD4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE
G-04/#3

SPRINGS KTL No.:
DEPTH:

02-056-002
10

OLIVE (ML-CL)-(CH)

Can Number
Weight of Can + Wet Soil, gms.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

Liquid Limit
HA-35

7.87
4.64
1 .15
3.49
3.23
92.6
34

Unified
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 »
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32 -

Soil

HA-8
8.51
4.93
1.13
3.80
3.58
94.2
29

HA-27
10.74
5
1
4
4

.92

.13

.79

.82
100.6

18

Classification

Proj.No.: 1651-8A
Date:

Tested By:
Checked By:

9/25/02
JC

Plastic Limit
B-12
5.42
4.73
1.13
3.60
0.69
19.2

B-25
5.48
4.77
1.14
3.63
0.71
19.6
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>6 KEANTAN
J -i LABORATORIES

ATTERBERG LIMITS
ASTMD4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE
G-04#BULK
BROWN (SC)

SPRINGS

Can Number
Weight of Can + Wet Soil, gms.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

KTLNo.: 02-056-002
DEPTH: 0-5

Liquid Limit
HA-58

9.50
7.98
1.15
6.83
1.52
22.3
34

HA-53 i l . \ - M
10.39 li i .T
8.60 S^.-
1.13 l . i ;
7.47 - .<>:
1.79 :.::
24.0 2 ' ) . '

2 9 ; •

Unified Soil Classification

30 -

H 21
Z ?•ni f-
£ 2(
0 2!
2 2i
5 2:

5 21
2(

80 i
70 •

£ 60
| 50-
*" dfi4- 40

130.
E 20

10-
0 \

c

3 -
7 -
3 -

\ -
3 -
?
1 -
) -

1

)

I

————————— ... . . D
- - —

Proj. No.:
Date:

Tested By:
Checked By:

165 1-8 A
9/25/02

JC

Plastic Limit
B-20
5.
5.
1.
4.
0.

95
31
12
19
64

15.3

CL

B-18
5.61
5.02
1.13
3.89
0.59
15.2

. _ . . . . . . . n

10
NUMBER OF BLOWS

100

LL= 24 PL= 15 PI= 9

:;CL-ML = = ;

10 20

UJ
(

B

:L
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*

4

**
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f

ML
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Liquid

60
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•?* — — — — -p>-* ————————
__ z _! CH

70 80 90
mil, %

"U"

__

MH B

100

L
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-'

*

IK

"/

)

VI .ine

120

^



KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-05#BULK_________
BROWN (SC)_______

KTL No.:
DEPTH:

02-056-002
0-5

Proj.No.: 1651-8 A
Date: _9/25/02

Tested By: _
Checked By:

JC

Can Number
Weight of Can + Wet Soil, gins.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

HA-49
10.98
9.24
1.14
8.10
1.74
21.5
34

Liquid Limit
HA-4
12.12
10.09
1.12
8.97
2.03
22.6
29

HA-1
12.75
10.40
1.15
9.25
2.35
25.4

18

Unified Soil Classification

LL= 23 PL= 12 PI=

Plastic Limit
B-29
6.80
6.18
1.15
5.03
0.62
12.3

B-53A
6.75
6.13
1.13
5.00
0.62
12.4

1C

l£t_r 25 -r~ £-<J
UJ
1- 24 -Z ^o
0 23 -tr "
LJ

S"
21 -

]

•

•

*

10 100
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^
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KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-06/#5__________
OLIVE (ML-CL)_____

KTL No.: 02-056-002
DEPTH: 15

Proj. No.: 1651-8A
Date: 9/25/02

Tested By: ___ JC
Checked By: ___

Can Number
Weight of Can + Wet Soil, gms.
Weight of Can + Pry Soil, gins.
Weight of Can, gms.
Weight of Dry Soil, gms.
tVeighl of Water, gms.
Water Content, %
Number of Blows

B-26
8.52
6.23
1.14
5.09
2.29
45.0
34

Liquid Limit
B-53
9.54
6.84
1.14
5.70
2.70
47.4
29

".24

Plastic Limit
HA-63

5.43
4.67
1.14
3.53
0.76
21.5

HA-28
5.70
4.90
1.14
3.76
0.80
21.3

Unified Soil Classification

54
wo ^3fcs 3O

• : 52 -r" *->£-
Z ci .

£ 50 -
0 49 -
" AR
* If"LU 47 -
< 46 -
5 45 -

44 -J
]

D

i

10

NUMBER OF BLOWS

D

100

LL= 47 | PL= 21 PI= 26

U" Line "A" Line

40 50 60 70

Liquid Limit, %
80 90 100 110 120



KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-06#BULK

KTL No.:
DEPTH:

02-056-002
0-5

Proj.No.: 1651-8A

BROWN (SC)

Can Number
Weight of Can + Wet Soil, gms.
Weight of Can + Dry Soil, gms
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
dumber of Blows

Liquid Limit
HA- 11

9.80
8.11
1.13
6.98
1.69
24.2
34

Unified

29

H 28
Ul

I"'
8 26
Ulh- 25

24
1

HA- 16
10.54
8.63
1.14
7.49
1.91
25.5
29

HA-8
11.76
9.41
1.13
8.28
2.35
28.4
24

Soil Classification

Date:
Tested By:

Checked By:

9/25/02
JC

Plastic Limit
B-51
6.04
5.44
1.13
4.31
0.60
13.9

CL

10
NUMBER OF

| LL=

| 50
"40
1 30
E 20 •
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0

• ( :i ,-iVI L

f

e
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E _

• i
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• ̂

=j tH
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26
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mf. i E

30
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• 7

40

M

1 1

L

.e*

•

•

H

B-14
5.98
5.38
1.14
4.24
0.60
14.2

BLOWS

14

50 60
Liquid Limit, V
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1

tf*

80 90
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•% KEANTAN
,J.-i LABORATORIES

Project Name: WDI/SANT

ATTERBERG LIMITS
ASTM D4318

A FE SPRINGS KTL No.: 02-056-002
Sample No.: G-09/#2 Depth, ft.: 10.5
Description: OLIVE (ML)-(SM)

~an Number
Weight of Can + Wet Soil, gms.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

Liquid Limit
HA-25

9.30
7.59
1.14
6.45
1.71
26.5
34

HA-21 HA-32
9.90 10.0')
7.99 S.4!
1.13 1 . 14
6.86 7.2"
1.91 2.2X
27.8 3 1 .4
29

Proj. No.
Date:

Tested By:
Checked By:

1651-8A
9/25/02

JC

Plastic Limit
B-14
5.53
4.87
1.13
3.74
0.66
17.6

Unified Soil Classification

O<-

fc5
j_r 3i
z
H

0 29- =
0
OC Ofi
LJ <-8 —————————

5 ^/
9fi

1

I LL=

jsoji imiii i i
* * > - i E E E i E E l E E :
| 30 E E E E l E E E E E E
£ 2 0 . E E E E E i E E = 5!

'"•"JCL-ML i£ =

0 10 20
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EEEJCL :

30

•
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0 i

L

iO
L quid
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KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-09/#4___________
BROWN (SC)-(CL)____

KTLNo.:
DEPTH:

02-056-002
20

Proj.No.: 1651-8A
Date:_9/25/02

Tested By: _
Checked By:

JC

Can Number
Weight of Can + Wet Soil, gms.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

B-23
8.34
6.65
1.14
5.51
1.69
30.7
34

Liquid Limit
B-14
9.15
7.19
1.13
6.06
1.96
32.3
29

B-29
10.10
7.66
1.14
6.52
2.44
37.4
24

Plastic Limit
J.C.
5.28
4.85
1.11
3.74
0.43
11.5

HA-50
5.23
4.81
1.13
3.68
0.42
11.4

Unified Soil Classification

oo

fe? 37 -

Z 36 H
UJ _.-K- 35 -
O 34 -O*T

° 33
UJ 005 32~5 31 -> 01

30 -1
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i|%- KEANTAN
-^A LABORATORIES

Project Name: WDI/SANT
Sample No.:
Description:

ATTERBERG LIMITS
ASTM D4318

A FE SPRINGS KTLNo.: 02-056-002
G-09#BULK
BROWN (SC)

DEPTH: 0-5

Can Number
Weight of Can + Wet Soil, gms.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

Liquid Limit
HA-54

8.56
6.95
1.13
5.82
1.61
27.7
34

HA-35
9.50
7.61
1.14
6.47
1.89
29.2
29

HA-6
11.09
8.58
1.12
7.46
2.51
33.6
2-i

Proj.No.: 1651-8A
Date:

Tested By:
Checked By:

Unified Soil Classification

34 -
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i 3 2 -
z 31 -
O 30 -
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< OOajj £o -
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£ 30 • = =
£ 20 • = =

10 - = =

0

| LL=

E E E E E = C « !
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KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS_______ KTL No.: 02-056-002
G-10/#3___________ Depth, ft.: 10.5
OLIVE (ML)-(ML-CL) W/ ASPHALT_________________

Proj. No.: 1651-8A
Date: _9/25/0

Tested By: _
Checked By:

JC

7
Can Number
Weight of Can + Wet Soil, gms.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

HA-28
9.61
7.14
1.14
6.00
2.47
41.2
34

Liquid Limit
HA-41
10.27
7.54
1.15
6.39
2.73
42.7
29

HA-53
11.66
8.29
1.13
7.16
3.37
47.1
24

Plastic Limit
B-15
6.22
5.30
1.13
4.17
0.92
22.1

B-54A
6.02
5.12
1.13
3.99
0.90
22.6

Unified Soil Classification
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- - KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-13/3BULK_________
BROWN (SC)________

KTL No.:
DEPTH:

02-056-002
0-5

Proj.No.; 1651-8A
Date; 9/25/02

Tested By: ___JC
Checked By: _____

Can Number
Weight of Can + Wet Soil, ghis.
Weight of Can + Dry Soil, gms.
Weight of Can, gim.
Weight of Dry Soil, grm.
Weight of Water, gms.
Water Content. %
Number of Blows

HA-17
10.25
8.34
1.13
7.21
1.91
26.5
34

Liquid Limit
HA-62
10.69
8.60
1.12
7.48
2.09
27.9
29

HA-19
12.42
9.68
1.13
8.55
2.74
32.0
24

Plastic Limit
B-27
5.55
4.86
1.13
3.73
0.69
18.5

B-50
5.34
4.69
1.13
3.56
0.65
18.3

Unified Soil Classification CL
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•• KEANTAN
LABORATORIES

ATTERBERG LIMITS
ASTM D4318

Project Name:
Sample No.:
Description:

WDI/SANTA FE SPRINGS
G-13/#4__________
BROWN (SC)________

KTL No.:
DEPTH:

02-056-002
15

Proj. No.: 1651-8A
Date: J/25/02

Tested By: _
Checked By:

JC

Can Number
Weight of Can + Wet Soil, gins.
Weight of Can + Dry Soil, gms.
Weight of Can, gms.
Weight of Dry Soil, gms.
Weight of Water, gms.
Water Content, %
Number of Blows

HA-58
10.07
8.80
1.15
7.65
1.27
16.6
34

Liquid Limit
HA-61
10.84
9.39
1.14
8.25
1.45
17.6
29

HA-16
12.86
10.83
1.14
9.69
2.03
20.9
24

Plastic Limit
B-12
5.75
5.22
1.14
4.08
0.53
13.0

B-21
5.25
4.80
1.13
3.67
0.45
12.3

Unified Soil Classification CL
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APPENDIX D.3

UNSATURATED HYDRAULIC CONDUCTIVITY TESTING
BY DANIEL B. STEVENS & ASSOCIATES, INC.

TRC
Customer-Focused Solutions



October 31,2002

Mr. Suji Somasundaram
Advanced Earth Sciences
20 Fairbanks, Suite 178
Irvine, CA92618

Dear Mr. Somasundaram:

Enclosed is the final report for the AES (TRC WDI Site job). Please review this report and
provide any comments as samples will be held for a maximum of 30 days. After 30 days
samples will be returned or disposed of in an appropriate manner.

All testing results were evaluated subjectively for consistency and reasonableness, and the results
appear to be reasonably representative of the material tested. However, DBS&A does not
assume any responsibility for interpretations or analyses based on the data enclosed, nor can we
guarantee that these data are fully representative of the undisturbed materials at the field site. We
recommend that careful evaluation of these laboratory results be made for your particular
application.

We are pleased to provide this service to Advanced Earth Sciences Corporation and look forward
to future laboratory testing on other projects. If you have any questions about the enclosed data,
please do not hesitate to call.

Sincerely,

B. STEPHENS & ASSOCIATES, INC.

Daniel O'Dowd
Enclosure

Daniel B. Stephens & Associates, Inc.

"^ NE' Suit* ' °° 505-822-9400

Albuquerque, NM 87109 FAX SOS-822-8877



Daniel B. Stephens & Associates, Inc.

Summary of Tests Performed

Laboratory
Sample Number

G-03

G-04

G-06

G-08

G-12

Initial Soil
Properties1

(0, pd, •)>)

X

X

X

X

X

Saturated
Hydraulic

Conductivity2

CH

X

X

X

X

X

FH

Moisture
Characteristics3

HCJPPJTH|WP|RH
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Unsaturated
Hydraulic

Conductivity

X

X

X

X

X

Particle
Size"

DS WS H
Effective
Porosity

Particle
Density

Air
Permeability

1/3, 15 Bar
Points and

Water Holding
Capacity

Atterberg
Limits

Proctor
Compaction

1 6 = Initial moisture content, pa = Dry bulk density, $ = Calculated porosity
2 CH = Constant head, FH = falling head
3 HC = Hanging column, PP = Pressure plate, TH = Thermocouple psychrometer, WP = Water activity meter, RH = Relative humidity box
4 DS = Dry sieve, WS = Wet sieve, H = Hydrometer



Daniel B. Stephens & Associates, Inc.

Summary of Initial Moisture Content, Dry Bulk Density
Wet Bulk Density and Calculated Porosity

Initial Moisture Content Dry Bulk Wet Bulk Calculated

Sample Number

G-03

G-04

G-06

G-08

G-12

Gravimetric
(%, g/g)

11.8

11.9

11.3

13.8

9.2

Volumetric
(%, cm3/cm3)

19.4

20.0

19.0

23.4

15.7

Density
(g/cm3)

1.63

1.68

1.69

1.70

1.70

Density
(g/cm3)

1.83

1.88

1.88

1.93

1.86

Porosity

38.3

36.7

36.4

36.0

35.8



=5~3SPr Daniel B. Stephens

r
Summary

Sample Number

G-03

G-04

G-06

G-08

G-12

& Associates, Inc.

of Saturated Hydraulic Conductivity Tests

KSat

(cm/sec)

1.6E-04

6.5E-Q4

2.0E-04

1.6E-04

2.9E-04

Method of Analysis
Constant Head Falling Head

X

X

X

X

X



Daniel B. Stephens & Associates, Inc.

Summary of Moisture Characteristics
of the Initial Drainage Curve

Sample Number
G-03

G-04

G-06

G-08

Pressure Head
(-cm water)

0
19
51

143
510

13053
851293

0
19
51

143
510

9688
851293

0
24
52

146
510

6935
851293

0
18
46

148
510

8260
851293

Moisture Content
(%, cm3/cm3)

39.9
34.9
30.1
25.2
21.8
7.9
2.4

41.0
39.0
33.9
26.4
22.5
9.2
2.6

39.6
37.4
35.9
27.6
24.3
12.9
3.5

38.3
36.6
36.1
33.0
29.1
14.9
3.6



Daniel B. Stephens & Associates, Inc.

Summary of Moisture Characteristics
of the Initial Drainage Curve (Continued)

Sample Number
G-12

Pressure Head
(-cm water)

0
18
46

148
510

19478
851293

Moisture Content
(%, cm3/cm3)

39.5
36.6
34.7
28.3
23.3

9.7
3.0



Daniel B. Stephens & Associates, Inc.

Summary of Calculated Unsaturated Hydraulic Properties

Sample Number (X (cm"1) N (dimensionless) er

G-03

G-04

G-06

G-08

G-12

0.0425

0.0282

0.0203

0.0041

0.0199

1.2320

1.2578

1.2307

1.2672

1.2361

0.0000

0.0000

0.0000

0.0000

0.0000

0.3944

0.4133

0.3985

0.3723

0.3904



Raw Laboratory Data and
Graphical Plots



Daniel B. Stephens & Associates, Inc.

Summary of Initial Moisture Content, Dry Bulk Density
Wet Bulk Density and Calculated Porosity

Initial Moisture Content Dry Bulk Wet Bulk Calculated

Sample Number

G-03

G-04

G-06

G-08

G-12

Gravimetric
(%, g/g)

11.8

11.9

11.3

13.8

9.2

Volumetric
(%, cm3/cm3)

19.4

20.0

19.0

23.4

15.7

Density
(g/cm3)

1.63

1.68

1.69

1.70

1.70

Density
(g/cm3)

1.83

1.88

1.88

1.93

1.86

Porosity

38.3

36.7

36.4

36.0

35.8



Daniel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: TRC/ AES
Job Number: L142.0000.00

Sample Number: G-03
Ring Number: NA

Depth: NA

Test Date: 20-Sep-02

Field weight* of sample (g): 2609.92
Tare weight, ring (g): 170.92

Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sample (g): 2180.75
Sample volume (cm3): 1333.86

Assumed particle density: 2.65

Initial Volumetric Moisture Content (% vol): 19.4

Initial Gravimetric Moisture Content (% g/g): 11.8
Dry bulk density (g/cm3): 1.63

Wet bulk density (g/cm3): 1.83
Calculated Porosity (% vol): 38.3

Percent Saturation: 50.5

Commente:

* Weight including tares

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Step/tens & Associates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: TRC/AES
Job Number. L142.0000.00

Sample Number: G-04
Ring Number NA

Depth: NA

Test Date: 20-Sep-02

Field weight* of sample (g): 2664.98
Tare weight, ring (g): 171.98

Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sample (g): 2227.13
Sample volume (cm3): 1327.64

Assumed particle density: 2.65

Initial Volumetric Moisture Content (% vol): 20.0

Initial Gravimetric Moisture Content (% g/g): 11.9

Dry bulk density (g/cm3): 1.68

Wet bulk density (g/cm3): 1.88

Calculated Porosity (% vol): 36.7

Percent Saturation: 54.6

Comments:

* Weight including tares

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: TRC/AES
Job Number: L142.0000.00

Sample Number G-06
Ring Number. NA

Depth: NA

Test Date: 20-Sep-02

Field weight" of sample (g): 2695.42
Tare weight, ring (g): 172.42

Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sample (g): 2267.29
Sample volume (cm3): 1345.55

Assumed particle density: 2.65

Initial Volumetric Moisture Content (% vol): 19.0

Initial Gravimetric Moisture Content (% g/g): 11.3

Dry bulk density (g/cm3): 1.69

Wet bulk density (g/cm3): 1.88
Calculated Porosity (% vol): 36.4

Percent Saturation: 52.2

Comments:

* Weight including tares

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: TRC/AES
Job Number L142.0000.00

Sample Number: G-08
Ring Number: NA

Depth: NA

Test Date: 20-Sep-02

Field weight* of sample (g): 2768.28
Tare weight, ring (g): 173.16

Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sample (g): 2280.72
Sample volume (cm3): 1344.19

Assumed particle density: 2.65

Initial Volumetric Moisture Content (% vol): 23.4

Initial Gravimetric Moisture Content (% g/g): 13.8

Dry bulk density (g/cm3): 1.70

Wet bulk density (g/cm3): 1.93

Calculated Porosity (% vol): 36.0

Percent Saturation: 65.0

Comments:

* Weight including tares

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Data for Initial Moisture Content,
Bulk Density, Porosity, and Percent Saturation

Job Name: TRC/AES
Job Number: L142.0000.00

Sample Number G-12
Ring Number. NA

Depth: NA

Test Date: 20-Sep-02

Field weight* of sample (g): 2666.00
Tare weight, ring (g): 173.00

Tare weight, cap/plate/epoxy (g): 0.00

Dry weight of sample (g): 2282.97
Sample volume (cm3): 1341.85

Assumed particle density: 2.65

Initial Volumetric Moisture Content (% vol): 15.7

Initial Gravimetric Moisture Content (% gig): 9.2
Dry bulk density (g/cm3): 1.70
Wet bulk density (g/cm3): 1.86

Calculated Porosity (% vol): 35.8
Percent Saturation: 43.7

Comments:

* Weight including tares

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Summary of Saturated Hydraulic Conductivity Tests

Ksat Method of Analysis
Sample Number___________(cm/sec)_____Constant Head Falling Head

G-03 1.6E-04 X

G-04 6.5E-04 X

G-06 2.0E-04 X

G-08 1.6E-04 X

G-12 2.9E-04 X



Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Constant Head Method

Job name: TRC/AES
Job number L142.0000.00

Sample number: G-03
Ring number: NA

Depth: NA

Type of water used: TAP
Collection vessel tare (g): 10.85

Sample length (cm): 7.62
Sample diameter (cm): 14.93

Sample x-sectional area (cm2): 175.09

Date Time
Temp Head Q + Tare

(cm) (g)
Q Elapsed Ksat Ksat @ 20°C

(cm) time (sec) (cm/sec) (cm/sec)

Test#1:
01-Oct-02
01-Oct-02

Test # 2:
02-Oct-02
02-Oct-02

Test # 3:
02-Oct-02
02-Oct-02

15:44:44 21.0 9.3 19.8 8.9
15:48:36

08:27:01 21.0 9.3 18.8 7.9
08:30:47

10:40:13 21.0 9.3 18.5 7.6
10:43:51

232 1.8E-04 1.8E-04

226 1.6E-04 1.6E-04

218 1.6E-04 1.6E-04

Comments:

Average Ksat (cm/sec): 1.6E-04

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Constant Head Method

Job name: TRC/AES
Job number: L142.0000.00

Sample number: G-04
Ring number: NA

Depth: NA

Type of water used: TAP
Collection vessel tare (g): 6.64

Sample length (cm): 7.61
Sample diameter (cm): 14.91

Sample x-sectional area (cm2): 174.48

Date
Temp Head Q + Tare Q Elapsed Ksat Ksat @ 20°C

Time (cm) (9) (cm ) time (sec) (cm/sec) (cm/sec)

Test#1:
01-Oct-02
01-Oct-02

Test #2:
02-Oct-02
02-Oct-02

Test # 3:
02-Oct-02
02-Oct-02

15:44:56 21.0 2.9 15.5 8.9
15:48:17

08:27:13 21.0 2.9 13.4 6.8
08:29:46

10:40:46 21.0 2.9 14.0 7.3
10:43:33

201 6.7E-04 6.5E-04

153 6.6E-04 6.5E-04

167 6.6E-04 6.4E-04

Average Ksat (cm/sec): 6.5E-04

Comments:

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Constant Head Method

Job name: TRC/AES
Job number. L142.0000.00

Sample number. G-06
Ring number: NA

Depth: NA

Type of water used: TAP
Collection vessel tare (g): 11.26

Sample length (cm): 7.65
Sample diameter (cm); 14.96

Sample x-sectional area (cm2): 175.82

Date
Temp Head Q + Tare Q Elapsed Ksat Ksat @ 20°C

Time (cm) (g) (cm ) time (sec) (cm/sec) __(cm/sec)

Test#1:
30-Sep-02
30-Sep-02

Test # 2:
01-Oct-02
01-Oct-02

Test # 3:
02-Oct-02
02-Oct-02

15:04:55 21.0 2.7 15.5 4.3
15:10:41

15:46:24 21.0 2.7 18.8 7.5
15:56:07

08:27:50 21.0 2.7 13.7 2.5
08:31:12

346 2.0E-04 1.9E-04

583 2.1E-04 2.0E-04

202 2.0E-04 1.9E-04

Comments:

Average Ksat (cm/sec): 2.0E-04

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Constant Head Method

Job name: TRC/ AES
Job number: L142.0000.00

Sample number: G-08
Ring number: NA

Depth: NA

Type of water used: TAP
Collection vessel tare (g): 11.30

Sample length (cm): 7.68
Sample diameter (cm): 14.93

Sample x-sectional area (cm2): 175.09

Date
Temp Head Q + Tare Q Elapsed Ksat Ksat @ 20°C

Time (cm) (g) (cm ) time (sec) (cm/sec) (cm/sec)

Test#1:
01-Oct-02
01-Oct-02

Test #2:
02-Oct-02
02-Oct-02

Test # 3:
02-Oct-02
02-Oct-02

15:47:05 21.0 3.7 18.4 7.1
15:55:29

08:28:44 21.0 3.7 13.9 2.6
08:32:02

10:42:35 21.0 3.7 12.9 1.6
10:44:36

504 1.7E-04 1.6E-04

198 1.6E-04 1.5E-04

121 1.5E-04 1.5E-04

Average Ksat (cm/sec): 1.6E-04

Comments:

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Constant Head Method

Job name: TRC/ AES
Job number: L142.0000.00

Sample number. G-12
Ring number: NA

Depth: NA

Type of water used: TAP
Collection vessel tare (g): 10.70

Sample length (cm): 7.64
Sample diameter (cm): 14.96

Sample x-sectional area (cm2): 175.73

Date
Temp Head Q + Tare Q Elapsed Ksat Ksat@20°C

Time (cm) (g) (cm) time (sec) (cm/sec) (cm/sec)

Test#1:
01-Oct-02
01-Oct-02

Test # 2:
02-Oct-02
02-Oct-02

Test # 3:
02-Oct-02
02-Oct-02

15:47:27 21.0 3.9 22.9 12.2
15:55:12

08:28:58 21.0 3.9 15.1 4.4
08:31:44

10:42:45 21.0 3.9 14.0 3.3
10:44:51

465 2.9E-04 2.9E-04

166 3.0E-04 2.9E-04

126 3.0E-04 2.9E-04

Comments:

Average Ksat (cm/sec): 2.9E-04

Laboratory analysis by: D. O'Dowd
Dafa entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Summary of Moisture Characteristics
of the Initial Drainage Curve

Sample Number
G-03

G-04

G-06

G-08

Pressure Head
(-crn water)

0
19
51

143
510

13053
851293

0
19
51

143
510

9688
851293

0
24
52

146
510

6935
851293

0
18
46

148
510

8260
851293

Moisture Content
(%, cm3/cm3)

39.9
34.9
30.1
25.2
21.8

7.9
2.4

41.0
39.0
33.9
26.4
22.5
9.2
2.6

39.6
37.4
35.9
27.6
24.3
12.9
3.5

38.3
36.6
36.1
33.0
29.1
14.9
3.6



Daniel B. Stephens & Associates, Inc.

Summary of Moisture Characteristics
of the Initial Drainage Curve (Continued)

Sample Number
G-12

Pressure Head
(-cm water)

0
18
46

148
510

19478
851293

Moisture Content
(%, cm3/cm3)

39.5
36.6
34.7
28.3
23.3
9.7
3.0



Daniel B. Stephens & Associates, Inc.

Summary of Calculated Unsaturated Hydraulic Properties

Sample Number (X (cm"1) N (dimensionless) es

G-03 0.0425

G-04 0.0282

G-06 0.0203

G-08 0.0041

G-12 0.0199

1.2320

1.2578

1.2307

1.2672

1.2361

0.0000

0.0000

0.0000

0.0000

0.0000

0.3944

0.4133

0.3985

0.3723

0.3904



Daniel B. Stephens & Associates, Inc.

Summary of Calculated Unsaturated Hydraulic Properties

Sample Number Ot (cm"1) N (dimensionless) es
G-03 0.0425 1.2320 0.0000 0.3944



Daniel B. Stephens & Associates, Inc.

Moisture Retention Data
Hanging Column/Pressure Plate/Thermocouple

(Main Drainage Curve)

Job Name: TRC/ AES
Job Number L142.0000.00

Sample Number G-03
Ring Number NA

Depth: NA

Drywt. of sample (g): 2180.75
Tare wt., screen & clamp (g): 55.80

Tare wt., ring (g): 170.92
Tare wt., epoxy (g): 0.00

Sample volume (cm3): 1333.86

Saturated weight* at 0 cm tension (g): 2939.70
Volume of water * in saturated sample (cmr): 532.23

Saturated moisture content (% vol): 39.90

Hanging column:

Sample bulk density (g/cm ): 1.63

Date/Time
10-Oct-02 709:45
12-Oct-02 716:00
15-Oct-02/13:45
18-Oct-02/12:00

21-Oct-02/09:10

Weight*
(g)

2939.70
2872.60
2809.40
2743.90

2698.50

Matric
Potential

(-cm water)
0.00
19.00
51.00
143.00

509.90

Moisture
Content1"
(% vol)
39.90
34.87
30.13
25.22

21.82

Comments:

* Weight including tares
f Assumed density of water is 1.0 g/cm3

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Moisture Retention Data
Water Activity Meter/Relative Humidity Box

(Main Drainage Curve)

Job Name: TRC/ AES
Job Number: L142.0000.00

Sample Number: G-03
Ring Number: NA

Depth: NA

Dry weight* of water activity meter sample (g): 152.59
Tare weight, jar (g): 114.93

Sample bulk density (g/cm3): 1.63

Water Activity Meter:
Date/Time

22-Oct-02 / 09:00

Weight*
(9)

154.40

Potential
(-cm water)

13053.4

Content
(% vol)

7.86

Dry weight* of relative humidity box sample (g): 91.61
Tare weight (g): 46.35

Sample bulk density (g/cm3): 1.63

Date/Time
Weight*

(9)

Matric Moisture
Potential Content1

(-cm water) (% vol)
Relative humidity box: 29-Oct-02 / 08:30 92.28 851293 2.42

Comments:

* Weight including tares
T Assumed density of water is 1.0 g/cm3

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

1. 1 x

1.E+05

1.E+04

Si
o

"S 1.E+03
0)
X

3in
Sa.

1.E+02 4

1.E+01

1.E+00 J-
0

Water Retention Data Points
Sample Number: G-03

• Hanging column
A Pressure plate
• Thermocouple
• Water activity meter
X Rh box

10 20 30 40 50 60

Moisture Content (%,cm3/cm3)



Daniel B. Stephens & Associates, Inc.

1.E+06

1.E+00

Predicted Water Retention Curve and Data Points
Sample Number: G-03

• Hanging column
A Pressure plate
• Thermocouple
• Water activity meter
X Rh box

Predicted curve
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: G-03
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Daniel B. Stephens & Associates, Inc.
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Daniel B. Stephens & Associates, Inc.

Plot of Hydraulic Conductivity vs Pressure Head
Sample Number: G-03
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Daniel B. Stephens & Associates, Inc.

Moisture Retention Data
Hanging Column/Pressure Plate/Thermocouple

(Main Drainage Curve)

Job Name: TRC/AES
Job Number: L142.0000.00

Sample Number G-04
Ring Number: NA

Depth: NA

Dry wt. of sample (g): 2227.13
Tare wt., screen & clamp (g): 55.78

Tare wt., ring (g): 171.98
Tare wt., epoxy (g): 0.00

Sample volume (cm3): 1327.64

Saturated weight* at 0 cm tension (g): 2999.40
Volume of water* in saturated sample (cm): 544.51

Saturated moisture content (% vol): 41.01
Sample bulk density (g/cm3): 1.68

Hanging column:

Pressure plate:

Date/Time
10-Oct-02/ 09:45
12-Oct-02 / 16:00
15-Oct-02 713:45
18-Oct-02/ 12:00

21-Oct-02 709:10

Weight*
(g)

2999.40
2973.20
2904.60
2805.30

2753.40

Matric
Potential

(-cm water)
0.00
19.00
51.00
143.00

509.90

Moisture
Content
(% vol)
41.01
39.04
33.87
26.39

22.48

Comments:

* Weight including tares
f Assumed density of water is 1.0 g/cm3

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Moisture Retention Data
Water Activity Meter/Relative Humidity Box

(Main Drainage Curve)

Job Name: TRC/ AES
Job Number: L142.0000.00

Sample Number: G-04
Ring Number: NA

Depth: NA

Dry weight* of water activity meter sample (g): 146.47
Tare weight, jar (g): 114.41

Sample bulk density (g/cm3): 1.68

Water Activity Meter:
Date/Time

23-Oct-02/15:00

Weight*
(g)

148.23

Potential
(-cm water)

9688.1

Content*
(% vol)

9.21

Dry weight* of relative humidity box sample (g): 82.62
Tare weight (g): 38.81

Sample bulk density (g/cm3): 1.68

Date/Time
Weight*

(9)

Matric Moisture
Potential Content

(-cm water) (% vol)
Relative humidity box: 29-Oct-02 / 08:30 83.30 851293 2.62

Comments:

* Weight including tares
1 Assumed density of water is 1.0 g/cm3

Laboratory analysis by: M. Devine/D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.
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Daniel B. Stephens & Associates, Inc.
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: G-04
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Daniel B. Stephens & Associates, Inc.
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Daniel B. Stephens & Associates, Inc.

Plot of Hydraulic Conductivity vs Pressure Head
Sample Number: G-04
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Daniel B. Stephens & Associates, Inc.

Moisture Retention Data
Hanging Column/Pressure Plate/Thermocouple

(Main Drainage Curve)

Job Name: TRC/AES
Job Number L142.0000.00

Sample Number: G-06
Ring Number: NA

Depth: NA

Dry wt. of sample (g): 2267.29
Tare wt., screen & clamp (g): 61.93

Tare wt., ring (g): 172.42
Tare wt., epoxy (g); 0.00

Sample volume (cm3): 1345.55

Saturated weight* at 0 cm tension (g): 303.47
Volume of water* in saturated sample (cm3): -2198.17

Saturated moisture content (% vol): 39.62
Sample bulk density (g/cm3): 1.69

Hanging column:

Pressure plate:

Date/Time
10-Oct-02/ 13:25
12-Oct-02 / 16:00
15-Oct-02 713:45
21-Oct-02/ 09:10

23-Oct-02/ 14:20

Weight*
(9)

3034.70
3004.70
2985.20
2872.60

2828.90

Matric
Potential

(-cm water)
0.00
24.00
52.00
146.00

509.90

Moisture
Content
(% vol)
39.62
37.39
35.94
27.57

24.32

Comments:

* Weight including tares
f Assumed density of water is 1.0 g/cm3

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Moisture Retention Data
Water Activity Meter/Relative Humidity Box

(Main Drainage Curve)

Job Name: TRC/ AES
Job Number: L142.0000.00

Sample Number: G-06
Ring Number: NA

Depth: NA

Dry weight* of water activity meter sample (g): 155.13
Tare weight, jar (g): 112.96

Sample bulk density (g/cm3): 1.69

Water Activity Meter:
Date/Time

18-Oct-02/12:13

Weight*
(9)

158.36

Potential
(-cm water)

6934.6

Content*
(% vol)
12.91

Dry weight* of relative humidity box sample (g): 83.36
Tare weight (g): 41.63

Sample bulk density (g/cm3): 1 .69

Date/Time

Matric Moisture
Weight* Potential Content1"

(g) ___ (-cm water) (% vol)
Relative humidity box: 29-Oct-02 / 08:30 84.23 851293 3.50

Comments:

* Weight including tares
1 Assumed density of water is 1.0 g/cm3

Laboratory analysis by: B. Baum/D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.
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Daniel B. Stephens & Associates, Inc.
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Daniel B. Stephens & Associates, Inc.
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Plot of Hydraulic Conductivity vs Moisture Content
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Daniel B. Stephens & Associates, Inc.

Plot of Hydraulic Conductivity vs Pressure Head
Sample Number: G-06
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Daniel B. Stephens & Associates, Inc.

Moisture Retention Data
Hanging Column/Pressure Plate/Thermocouple

(Main Drainage Curve)

Job Name: TRC/AES
Job Number L142.0000.00

Sample Number G-08
Ring Number. NA

Depth: NA

Dry wt. of sample (g): 2280.72
Tare wt., screen & clamp (g): 58.30

Tarewt., ring (g); 173.16
Tare wt., epoxy (g): 0.00

Sample volume (cm3): 1344.19

Saturated weight* at 0 cm tension (g): 3026.70
Volume of water* in saturated sample (cm3): 514.52

Saturated moisture content (% vol): 38.28
Sample bulk density (g/cm3): 1.70

Hanging column:

Pressure plate:

Date/Time
15-Oct-02/11:15
18-Oct-02/ 12:00
21 -Oct-02/ 09:30
23-Oct-02 714:30

25-Oct-02/14:10

Weight*
(g)

3026.70
3003.90
2997.90
2956.20

2903.90

Matric
Potential

(-cm water)
0.00
18.00
46.00
148.00

509.90

Moisture
Content
(% vol)
38.28
36.58
36.13
33.03

29.14

Comments:

* Weight including tares
f Assumed density of water is 1.0 g/cm3

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Moisture Retention Data
Water Activity Meter/Relative Humidity Box

(Main Drainage Curve)

Job Name: TRC/ AES
Job Number: L142.0000.00

Sample Number: G-08
Ring Number: NA

Depth: NA

Dry weight* of water activity meter sample (g): 152.61
Tare weight, jar (g): 115.02

,3\.Sample bulk density (g/cm ): 1.70

Water Activity Meter:
Date/Time

23-Oct-02 713:25

Weight*
(g)

155.90

Potential
(-cm water)

8260.4

Content*
(% vol)
14.85

Dry weight* of relative humidity box sample (g): 90.92
Tare weight (g): 40.04

Sample bulk density (g/cm3): 1.70

Date/Time

Matric Moisture
Weight* Potential Content1

(g)__ (-cm water) (% vol)
Relative humidity box: 29-Oct-02 / 08:30 91.99 851293

Comments:

* Weight including tares
f Assumed density of water is 1.0 g/cm3

3.56

Laboratory analysis by: M. Devine/D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



Daniel B. Stephens & Associates, Inc.

Water Retention Data Points
Sample Number: G-08
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Daniel B. Stephens & Associates, Inc.
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Daniel B. Stephens & Associates, Inc.

Plot of Hydraulic Conductivity vs Pressure Head
Sample Number: G-08
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Daniel B. Step It ens & Associates, Inc.

Moisture Retention Data
Water Activity Meter/Relative Humidity Box

(Main Drainage Curve)

Job Name: TRC/ AES
Job Number L142.0000.00

Sample Number: G-12
Ring Number NA

Depth: NA

Dry weight* of water activity meter sample (g): 158.39
Tare weight, jar (g): 114.45

Sample bulk density (g/crn3): 1.70

Weight* Potential
Date/Time (g) (-cm water)

Water Activity Meter: 02-Oct-02 / 1 1 :20 160.89 19478.2

Content1"
(% vol)

9.68

Dry weight* of relative humidity box sample (g); 102.50
Tare weight (g); 41.87

Sample bulk density (g/cm3): 1.70

Date/Time

Matric Moisture
Weight* Potential Content1

(g)___(-cm water) (% vol)
Relative humidity box: 29-Oct-02 / 08:30 103.59 851293 3.03

Comments:

* Weight including tares
* Assumed density of water is 1.0 g/cm3

Laboratory analysis by: B. Baum/D. O'Dowd
Data entered by: D. O'Dowd

Checked by: D. O'Dowd



D aniel B. Stephens & Associates, Inc.

Moisture Retention Data
Hanging Column/Pressure Plate/Thermocouple

(Main Drainage Curve)

Job Name: TRC/ AES
Job Number. L142.0000.00

Sample Number: G-12
Ring Number: NA

Depth: NA

Dry wt. of sample (g): 2282.97
Tare wt., screen & clamp (g): 58.07

Tare wt., ring (g): 173.00
Tare wt., epoxy (g): 0.00

Sample volume (cm3): 1341.85

Saturated weight* at 0 cm tension (g): 30445.00
Volume of water* in saturated sample (cm3): 27930.96

Saturated moisture content (%vol): 39.53
Sample bulk density (g/cm3): 1.70

Hanging column:
Date/Time

15-Oct-02/11:15
18-Oct-02/ 12:00
21 -Oct-02/ 09:30
23-Oct-02/ 14:30

25-Oct-02/14:10

Weight*
(9)

3044.50
3004.50
2979.80
2893.20

2826.40

Matric
Potential

(-cm water)
0.00
18.00
46.00
148.00

509.90

Moisture
Content1
(% vol)
39.53
36.55
34.71
28.26

23.28

Comments:

* Weight including tares
f Assumed density of water is 1.0 g/cm3

Laboratory analysis by: M. Devine
Data entered by: D. O'Dowd

Checked by: D. O'Dowd
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: G-12
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Daniel B. Stephens & Associates, Inc.

Plot of Hydraulic Conductivity vs Pressure Head
Sample Number: G-12
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APPENDIX D.4

KEANTAN LABORATORY TEST DATA
HSA-1 TO HSA-8 (SHEAR TESTING)

TRC
Customer-Focused Solutions



KEANTAN
www.keantanlabs.com

email: keantanlab@aol.com

March 20, 2002

TRC Environmental Solutions, Inc.
21 Technology Drive
Irvine, CA 92718

Attention: Mr. Alien Blodgett

Subject: Report/Laboratory Test Results
Project Name: WDI
Project No.: 94-256
KTL Project No.: 01 -056-001

Dear Mr. Blodgett:

Enclosed are results of the laboratory testing program conducted on samples from the above
referenced project. The testing performed for this program was conducted in general accordance
with testing procedures as follows:

TYPE OF TEST TEST PROCEDURE
Moisture-Density ASTM D 2937
Unconfined Compression ASTM D 2166
Direct Shear ASTM D 3080
Sieve Analysis ASTM D 422

Attached herewith are Summary of Unconfined Compression Test Results(1), Direct Shear Test
Results(3), and Grain Size Distribution Curves(3).

We appreciate the opportunity to provide testing services to TRC Environmental Solutions, Inc. If
you have any questions regarding the test results, please contact us.

Very truly yours,
Keantan Laboratories

Kean Tan, PE
Principal

Ends.

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KEANTAN
LABORATORIES \vvwv. keantanlabs. com

email: keantanlab@aol.com

SUMMARY OF UNCONFINED COMPRESSION STRENGTH TEST RESULTS

PROJECT NAME: WDI KTL NO.: 01-056-001

PROJECT NO.: 94-256 CLIENT: TRC

DATE: 3-20-02 SUMMARIZED BY: K. Tan

SAMPLE ID

SA-1
SA-2
SA-2
SA-3
SA-4
SA-5
SA-5
SA-6
SA-6
SA-7
SA-8

DEPTH

(ft)
20
15
40
5
15
5
20
5
35
15
10

MOISTURE
CONTENT

(%)
9.2
23.4
22.3
14.6
12.5
25.1
12.8
25.6
8.3
35.5
15.7

DRY
DENSITY

(pcf)
93.6
100.2
102.9
109.6
104.0
92.6
115.6
93.0
88.6
84.9
115.9

ucs

(psi)
5.6
31.8
39.4
11.7
7.1
10.6
18.0
7.6
1.3
24.2
74.9

c: \ M\ Documents \ TRCUJCS

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KEANTAN
LABORATORIES www. keantanlabs. com

email: keantanlab@aol.com
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Direct Shear (CD) Test Results
ASTMD3080

PROJECT NAME: WD1
PROJECT NO.: 94-256
DATE: MARCH 2002
BORING NO.: HSA-2
SAMPLE NO.: N/A
SAMPLE TYPE: RINGS
RING DIAMETER: 2.42 IN.
RING HEIGHT: I . O I N .
MOISTURE CONTENT: 5.6 percent

KTL NO.: 01 -056-001
CLIENT: TRC
DEPTH (ft): 25
USCS CLASS.: SP-SM

SATURATED: YES
DRY DENSITY: 113.1 pcf

0 1000 2000 3000 4000 5000 6000

Normal Pressure (psf)
Friction Angle (degrees) Cohesion (psf)

Peak 39 156

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



f KEANTAN
.. LABORATORIES www. keantanlabs. com

email: keanfonlab@aol.com
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Direct Shear (CD) Test Results
ASTMD3080

PROJECT NAME: WDI
PROJECT NO.: 94-256
DATE: MARCH 2002
BORING NO.: HSA-3
SAMPLE NO.:N/A
SAMPLE TYPE: RINGS
R I N G DIAMETER: 2.42 IN.
RING HEIGHT: 1.0 IN.
MOISTURE CONTENT: 15.9 percent

K.TL NO.: 01-056-001
CLIENT: TRC
DEPTH (ft): 10
USCS CLASS.: CL

SATURATED: YES
DRY DENSITY: 116.7pcf

5000

4000

1000 2000 3000 4000 5000 6000

Normal Pressure (psf)
Friction Angle (degrees) Cohesion (psf)

Peak 29 766

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568



KEANTAN
LABORATORIES www. keantanlabs. com

email: keantanlab@aol.com
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Direct Shear (CD) Test Results
ASTMD3080

PROJECT NAME: WDl
PROJECT NO.: 94-256
DATE: MARCH 2002
BORING NO.: HSA-6
SAMPLE NO.: N/A
SAMPLE TYPE: RINGS
R I N G DIAMETER: 2.42 IN.
R I N G HEIGHT: 1.0 IN.
MOISTURE CONTENT: 4.2 percent

KTL NO.: 01-056-001
CLIENT: TRC
DEPTH (ft): 30
USCS CLASS.:SP-SM

SATURATED: YES
DRY DENSITY: 104.5 pcf

0 1000 2000 3000 4000 5000 6000

Normal Pressure (psf)
Friction Angle (degrees) Cohesion (psf)

Peak 31 453

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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APPENDIX D.5

LOWNEY ASSOCIATES (TS-SAMPLES;
COMPACTION, GRADATION, PI, PERMEABILITY)

TftC
Customer-Focused Solutions



LOWNEVASSOCIATES
Environmental/Geotechnical/Engineering Services Oakland

San Romon
January 18, 2002
1651-8 Fu"erton

TRC SOLUTIONS, INC.
21 Technology Drive
Irvine, California 92618

Attention: Mr. Alien E. Blodgett, GE
Project Director

R E : G E O T E C H N I C A L L A B O R A T O R Y TEST R E S U L T S
FOR " W D I L A N D F I L L C O N T A I N M E N T D E S I G N "
S A N T A F E S P R I N G S , C A L I F O R N I A

Gentlemen:

We are pleased to present results of our geotechnical laboratory testing for your
"WDI" project. Geotechnical test results are presented in an "Appendix B" format for
easy insertion into most standard geotechnical reports. Our geotechnical laboratory
is licensed by the City of Los Angeles, Department of Building and Safety, Materials
Control Division, as a "Soils Testing Agency" No. 10149. In accordance with our
December 13, 2001 "FAX Confirmation of Requested Services," your samples will be
disposed of in 30 days. We appreciate the opportunity to be of service. If you have
any questions concerning these test results, please call or contact me by phone or e-
mail attbenson@lowney.com.

Sincerely,

LOWNEY ASSOCIATES

Thomas C. Benson, Jr., G.E. 20
Vice President

Copies: Addressee (2)

Enclosures: Appendix B, "Geotechnical Laboratory Testing" (8 pages)

C:\TCB\REPORTS\1600\1651-8.DOC

251 East Imperial Highway, Suite 470 Fullerton, CA 92835 Tel: 71 4.441.3090 Fax: 714.441.3091 E-mail: mail@lowney.com http:/A-ww.lowney.com



A P P E N D I X B
G E O T E C H N I C A L L A B O R A T O R Y T E S T I N G

The following geotechnical laboratory tests were performed on soil samples brought
to the Lowney Associates geotechnical laboratory by TRC personnel.

Compaction: Three laboratory compaction tests (ASTM D 1557-00) were performed
on provided bulk soil samples to determine the maximum dry density and optimum
moisture content. Results of these tests are presented graphically on the following
"Moisture-Density Relationship" figures.

Gradations: Sieve and hydrometer analyses (ASTM D 422-63) were performed on
the same three soil samples. These tests were performed to assist in the
classification of the soil and to determine grain size distributions of the soils. Results
of these tests are presented on the "Grain Size Distribution" figure.

Plasticity Index: Plasticity Index determinations (ASTM D 4318) were performed
on the same three soil samples to measure the range of water contents over which
these materials exhibit plasticity. The Atterberg Limits were used to classify the soil
in accordance with the Unified Soil Classification System and to evaluate the soil
expansion potential. Results of these tests are presented on the "Plasticity Chart and
Data" figure.

Falling Head Permeability: Two falling head permeability tests were performed on
remolded specimens, in general accordance with the ASTM D 5084-90 Standard Test
Method. Specimen and test result data are presented on the attached two sheets
titled "Hydraulic Conductivity."

UJWNEVASSOCIATES
Environmental/Geotechnical /Engineering Services Page B-l
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SILT OR CLAY

Specimen Identification
•
DO
A

TS-061 0.0
TS-085 0.0
TS-118 0.0

Specimen Identification
•
03
A

TS-061 0.0
TS-085 0.0
TS-118 0.0

Classification
CLAYEY SAND (SC), trace fine gravel
CLAYEY SAND (SC), trace fine gravel

CLAY (CL), with sand and trace fine gravel

D100
19
19
19

D60
5.522
0.8

0.128

D30
0.079
0.061
0.028

UWNEVASSOC^ES
Environmental/Geotechnical/Engineering Services

D10
0.006
0.005

LL
30
30
33

%Gravel
34.6
20.1
13.4

PL
23
21
17

%Sand
26.9
38.2
31.6

PI
7
9
16

Cc Cu
0.18 892.79
0.90 154.25

%Silt %Clay
20.8 8.8
24.6 9.9
37.3 16.0

GRAIN SIZE DISTRIBUTION
Project: TRC/WDI

Location: SANTA FE SPRINGS, CALIFORNIA

Project No.: 1651-8 ^
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Boring No.

TS-061

TS-085

TS-118

Depth
(ft.)

0.0

0.0

0.0

Natural
Water

Content
Liquid
Limit

30

30

33

Plastic
Limit

23

21

17

Plasticity
Index

7

9

16

lOWIHTASSOCIAFES
Environmental/Geotechnical/Engineerlng Services

L.

Passing
No. 200
Sieve

30

35

53

Unified Soil Classification Description

CLAYEY SAND (SC), trace fine gravel

CLAYEY SAND (SC), trace fine gravel

CLAY (CL), with sand

PLASTICITY CHART AND DATA
Project: TRC/WDI
Location: SANTA FE SPRINGS, CALIFORNIA

Project No.: 1651-8 ^



Ii||̂ ^̂ ll
Job No: 028-1 056a
Client: Lowney
Project: TRC/WDI

'!.<':'t-.-';:.C: :.: - ' , • >:-•'.-.. •• -i.-V-- •••;--:•-•' :{,r '•...-. .:.";'/; •\:,>:t'.i '.' • '.'• I

Hydraulic Conductivity
ASTM D 5084

.

• ' • - ' ' • ,' ... . • • '".'• • :̂ ..."

'•;"' ;.-- ''.,'., - , ' / . . •••:*•• •-•' • • - . • • • ' - ' • • - • " • • : • ' • • . . : - ' • ' ' ~':-"- , ' ' • ' . ' ' " - . ' - ' ' . . . ' . ' • ' ' • : ' . ' " ," . " . : ' " ' : > " *''. '••": : - ' ' • ' ' • < ' ' . - . "-"', "

Boring: Date: 01/16/02
Sample: T5-118 By: MD
Depth' Checked By: DC

Soil Description: brown sandy CLAY
Sample Pressures:

Cell: 53.5 psi Bot. Cap: 49 psi
Method C: Falling Head / Rising Tailwater

Date Minutes Head, (in) K,cm/sec
1/11/02 0 51.69

133 48.54
356 43.39
416 41.99

1/12/02 1496 23.09
0 24

1/13/02 1890 10.8
0 51.69

1/14/02 33 50.89
93 49.54
155 48.09

Start of Test
4.00E-07
4.10E-07
4.10E-07
4.70E-07

3.70E-07

3.90E-07
3.80E-07
3.90E-07

Top Cap:

5.1E-07 -

4.6E-07 -

4.1E-07 -

3.6E-07 -

~ 3.1E-07 -

S 2.6E-07 -

fe 2.1E-07 -

1 .6E-07 •

1.1E-07 -

6.0E-08 -
IAC rio

*B:= 1
48 psi Gradient: 13

-»•i — i B !
I
i

ii
i 0 Seriesl i

~~| — H— Series2 ~i
-| * Series3 H

0 500 1000 1500 2000
Time, min. i

Average Permeability:
Sample Data:
Height, in
Diameter, in
Area, in2
Volume in3
Total Volume, cc
Volume Solids, cc
Volume Voids, cc
Void Ratio
Porosity, %
Saturation, %
Specific Gravity
Wet Weight, gm
Dry Weight, gm
Tare, gm
Moisture, %
Dry Density, pcf

2.E-07 cm/sec
Initial
4.32
4.00
12.55
54.23

888.71
618.52
270.19

0.44
30.40
61.48
2.70 Assumed

1836.1
1670.0
0.00
9.9

117.3

Final
4.37
4.08
13.07
57.13

936.25
618.52
317.73

0.51
33.94
96.72
2.70

1977.3
1670.0
0.00
18.4 '

• 111.3
Note: *B=Delta Pore Press/Delta Cell Press (indication of saturation). i



Hydraulic Conductivity
ASTM D 5084

Job No:
Client:
Project:

028-1056
Lowney

TRC/WDI

Boring:
Sample:
Depth'

T5-85
Date:
>y:
Checked By:

01/16/02
MD
DC

Soil Description: brown clayey SAND
Sample Pressures: *Q. -B: =

Cell: 53.5 psi Bot. Cap: 49 psi Top Cap: 48 psi Gradient: 13
Method C: Falling Head / Rising Tailwater

Date Minutes Head, (in) K.cm/sec
1/11/02 0

1
17
32
43
0
5

30

51.69
50.69
41.59
34.69
30.04
51.69
48.59
35.19

Start of Test
1.70E-05
1.10E-05
1.10E-05
1.10E-05

1.10E-05
1.10E-05

1.8E-05

1.6E-05

1.4E-05

£.1.2E-05

S 1.0E-05
RJ

| 8.0E-06

&• 6.0E-06

4.0E-06

2.0E-06

1.0E-08

•Seriesl
-Series2

T

10 20 30
Time, min.

40 50

Average Permeability: 1.E-05 cm/sec
Sample Data: Initial Final
Height, in
Diameter, in
Area, in2
Volume in3

4.52
4.00

12.55
56.74

4.59
4.01
12.63
57.97

Total Volume, cc
Volume Solids, cc
Volume Voids, cc
Void Ratio
Porosity, %
Saturation, %
Specific Gravity

929.85
616.07
313.78

0.51
33.74
34.80

2.70 Assumed

949.93
616.07
333.85
0.54
35.15
95.58
2.70

Wet Weight, gm
Dry Weight, gm
Tare, gm
Moisture, %
Dry Density, pcf

1772.6
1663.4
0.00
6.6

111.6

1982.5
1663.4
0.00
19.2

109.3
Note: *B=Delta Pore Press/Delta Cell Press (indication of saturation).



LOWNEVASSOCIATES
Environmental/Geotechnical/Engineering Services

January 18, 2002
1651-8

Mountain View

Oakland

San Roman

FuHertan

TRC SOLUTIONS, INC.
21 Technology Drive
Irvine, California 92618

Attention: Mr. Alien E. Blodgett, GE
Project Director

R E : G E O T E C H N I C A L L A B O R A T O R Y TEST R E S U L T S
F O R "WDI L A N D F I L L C O N T A I N M E N T D E S I G N "
S A N T A F E S P R I N G S , C A L I F O R N I A

Gentlemen:

We are pleased to present results of our geotechnical laboratory testing for your
"WDI" project. Geotechnical test results are presented in an "Appendix B" format for
easy insertion into most standard geotechnical reports. Our geotechnical laboratory
is licensed by the City of Los Angeles, Department of Building and Safety, Materials
Control Division, as a "Soils Testing Agency" No. 10149. In accordance with our
December 13, 2001 "FAX Confirmation of Requested Services," your samples will be
disposed of in 30 days. We appreciate the opportunity to be of service. If you have
any questions concerning these test results, please call or contact me by phone or e-
mail at tbenson@lowney.com.

Sincerely,

LOWNEY ASSOCIATES

Thomas C. Benson, Jr., G.E. 20
Vice President

Copies: Addressee (2)

Enclosures: Appendix B, "Geotechnical Laboratory Testing" (8 pages)

C:\TCB\REPORTS\1600\1651-8.DOC

251 East Imperial Highway, Suite 470 Fullerton, CA 92835 Tel: 71 4.441.3090 Fax: 714.441.3091 E-mail: mail@lowney.com http://*ww.lowney.com



A P P E N D I X B
G E O T E C H N I C A L L A B O R A T O R Y T E S T I N G

The following geotechnical laboratory tests were performed on soil samples brought
to the Lowney Associates geotechnical laboratory by TRC personnel.

Compaction: Three laboratory compaction tests (ASTM D 1557-00) were performed
on provided bulk soil samples to determine the maximum dry density and optimum
moisture content. Results of these tests are presented graphically on the following
"Moisture-Density Relationship" figures.

Gradations: Sieve and hydrometer analyses (ASTM D 422-63) were performed on
the same three soil samples. These tests were performed to assist in the
classification of the soil and to determine grain size distributions of the soils. Results
of these tests are presented on the "Grain Size Distribution" figure.

Plasticity Index: Plasticity Index determinations (ASTM D 4318) were performed
on the same three soil samples to measure the range of water contents over which
these materials exhibit plasticity. The Atterberg Limits were used to classify the soil
in accordance with the Unified Soil Classification System and to evaluate the soil
expansion potential. Results of these tests are presented on the "Plasticity Chart and
Data" figure.

Falling Head Permeability: Two falling head permeability tests were performed on
remolded specimens, in general accordance with the ASTM D 5084-90 Standard Test
Method. Specimen and test result data are presented on the attached two sheets
titled "Hydraulic Conductivity."

10WNEVASSOCIATES
Environmentol/Geotechnical/Engineering Services___________________________________________________ Dfar-ift R_ 1
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GRAIN SIZE IN MILLIMETERS

COBBLES
GRAVEL

coarse fine
SAND

coarse medium fine
SILT OR CLAY

Specimen Identification
•
03
A

TS-061 0.0
TS-085 0.0
TS-118 0.0

Specimen Identification
•
IZI
A

TS-061 0.0
TS-085 0.0
TS-118 0.0

Classification
CLAYEY SAND (SC), trace fine gravel
CLAYEY SAND (SC), trace fine gravel

CLAY (CL), with sand and trace fine gravel

D100
19
19
19

D60
5.522
0.8

0.128

D30
0.079
0.061
0.028

I0WIWASSOCIATES
Environmental/Geotechnical/Engineer ng Services

D10
0.006
0.005

LL PL
30 23
30 21
33 17

%Gravel %Sand
34.6 26.9
20.1 38.2
13.4 31.6

PI
7
9

16

Cc Cu
0.18 892.79
0.90 154.25

%Silt %Clay
20.8 8.8
24.6 9.9
37.3 16.0

GRAIN SIZE DISTRIBUTION
Project: TRC/WDI

Location: SANTA FE SPRINGS, CALIFORNIA

Project No.: 1651-8 A
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LIQUID LIMIT {%)

Boring No.

TS-061

TS-085

TS-118

Depth
(ft.)

0.0

0.0

0.0

Natural
Water

Content
(%)

Liquid
Limit
(%)

30

30

33

Plastic
Limit
(%)

23

21

17

Plasticity
Index
(%)

7

9

16

Passing
No. 200
Sieve

30

35

53

Unified Soil Classification Description

CLAYEY SAND (SC), trace fine gravel

CLAYEY SAND (SC), trace fine gravel

CLAY (CL), with sand

UJWNEVASSOCIAES
Environmental/Geotechnical/Engineering Services

L.

^\

PLASTICITY CHART AND DATA
Project: TRC/WDI

Location: SANTA FE SPRINGS, CALIFORNIA

Project No.: 1651-8 ^



Hydraulic Conductivity
ASTM D 5084

Job No: ___
Client: ___
Project: ___
Soil Description:

028-1056a
Lowney

_Boring:
_Sample:

_____~ Depth1

brown sandy CLAY

Date: 01/16/02
T5-118 MD

TRC/WDI Checked By: DC

Sample Pressures:
Cell: 53.5 psi Bot. Cap: 49 psi Top Cap: 48 psi Gradient: 13

Method C: Falling Head / Rising Tailwater
Date Minutes Head, (in) K,cm/sec

1/11/02

1/12/02

1/13/02

1/14/02

0
133
356
416
1496

0
1890

0
33
93
155

51.69
48.54
43.39
41.99
23.09

24
10.8

51.69
50.89
49.54
48.09

Start of Test
4.00E-07
4.10E-07
4.10E-07
4.70E-07

3.70E-07

3.90E-07
3.80E-07
3.90E-07 500 1000

Time, min.
1500 2000

Average Permeability: 2.E-07 cm/sec
Sample Data: Initial Final
Height, in
Diameter, in
Area, in2
Volume in3

4.32
4.00
12.55
54.23

4.37
4.08
13.07
57.13

Total Volume, cc
Volume Solids, cc
Volume Voids, cc
Void Ratio
Porosity, %
Saturation, %
Specific Gravity

888.71
618.52
270.19
0.44
30.40
61.48
2.70 Assumed

936.25
618.52
317.73

0.51
33.94
96.72
2.70

Wet Weight, gm
Dry Weight, gm
Tare, gm
Moisture, %
Dry Density, pcf

1836.1
1670.0
0.00
9.9

117.3

1977.3
1670.0
0.00
18.4

111.3
Note: *B=Delta Pore Press/Delta Cell Press (indication of saturation).



Hydraulic Conductivity
ASTM D 5084

Job No:
Client:
Project:

028-1056
Lowney

TRC/WDI

Boring:
Sample:
Depth1

T5-85
Date:
>y:
Checked By:

01/16/02
MD
DC

Soil Description: brown clayey SAND
Sample Pressures: B: =

Cell: 53.5 psi Bot. Cap: 49 psi Top Cap: 48 psi Gradient: 13
Method C: Falling Head / Rising Tailwater

Date Minutes Head, (in) K,cm/sec
1/11/02 0

1
17
32
43
0
5

30

51.69
50.69
41.59
34.69
30.04
51.69
48.59
35.19

Start of Test
1.70E-05
1.10E-05
1.10E-05
1.10E-05

1.10E-05
1.10E-05

6.0E-06

4.0E-06

2.0E-06

1.0E-08
10 20 30

Time, min.
40 50

Average Permeability: 1.E-05 cm/sec
Sample Data: Initial Final
Height, in
Diameter, in
Area, in2
Volume in3

4.52
4.00
12.55
56.74

4.59
4.01
12.63
57.97

Total Volume, cc
Volume Solids, cc
Volume Voids, cc
Void Ratio
Porosity, %
Saturation, %
Specific Gravity

929.85
616.07
313.78

0.51
33.74
34.80
2.70 Assumed

949.93
616.07
333.85

0.54
35.15
95.58
2.70

Wet Weight, gm
Dry Weight, gm
Tare, gm
Moisture, %
Dry Density, pcf

1772.6
1663.4
0.00
6.6

111.6

1982.5
1663.4
0.00
19.2
109.3

Note: *B=Delta Pore Press/Delta Cell Press (indication of saturation).
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A P P E N D I X E
WDI S U P E R F U N D SITE

CPT STRENGTH C O R R E L A T I O N

E . 1 I N T R O D U C T I O N
In August 1988, 21 Cone Penetrometer Test (CPT) soundings were
performed by The Earth Technology Corporation at the WDI site, in and
around the waste filled reservoir, as documented in their September 1988
report to Ebasco Services Incorporated. Out of the 21 CPT soundings,
only two were located within the reservoir, where shallow refusal at
depths of 2.3 to 6.4 feet occurred in both. Data from these other 19 CPTs
outside of the reservoir was used in combination with other drive
sampling blow counts and current geotechnical laboratory strength data
(summer 2002), to evaluate the shear strength of the bentonite waste.
This shear strength was for use in evaluating the potential for bearing
capacity failures during proposed cover earthwork (see Appendix F).

E.2 B A C K G R O U N D
CPT data, including encountered tip refusals, were compared and qualified
based on our understanding of the "waste" matrix consisting of non-
organic rubble with voids filled by bentonite, and on empirical
observations of the site topography over the decades during which
bentonite waste has remained on-site, as demonstrated on Figure 6.5,
Topographic Difference Map. In 1998, grading work was performed at the
site and detailed in "Technical Memo No. 11-Reservoir Area Grading Plans
and Waste/Debris Management As-Built Report, Waste Disposal Inc.
Superfund Site" (TRC, December 1998). Now, minor new grading is
proposed to provide an engineered cap over the waste, and possibly for
redevelopment of the site including pavements and structures around the
perimeter of the site. We are unaware of any bearing capacity failures
during the 1998 grading. Based on the topographic and grading empirical
data, in combination with the various CPT refusals, we consider this non-
refusal CPT data to be indicative of the softer material at the site, and
therefore, lower bound strength data.

E . 3 K E Y A S S U M P T I O N
The CPT tip resistance (Qc) to undrained shear strength (Su) correlation is
discussed on the attached March 8, 1999 Memorandum from GeoSyntec
(provided by the California Department of Toxic Substance Control, DTSC).
For oily waste, such as for this site, the material correlation factor Nk was
assumed to be 20.

E . 4 R E S U L T S
Results of the CPT tip resistance (Qc) to undrained shear (Su) strength
correlation are summarized on Figure 6.7.

WWNBTASSOCIATES
Environmentol/Geotechnlcol/Englneehng Services______________________________________________Page 1 Of 1

P:\REPORTS\GEOTECHNICAL\1600\1651-8A\1651-8A-REPORT\1651-8A-CPTCORRELATION.DOC, January 6, 2003
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A.M

TO:

FROM:

DATE:

M E M O R A N D U M

Dr. R. Jeffrey Dunn, P.E., QJE., GeoSyntec Consultants

Paul Soltfe, PJE- and Neveu Matasovic, PhJD.,, P.E., GeoSyntec
Consultants .._ :

8 March 1999 "'. :";. ' .

SUBJECT: CaamaVia Resources Hazardous Waste Management Facility:
Evaluation of CFT shear strength factor TV* from the results of in-
situ measurements

IntroduclJioa

One of the key parameters for evaluation of seismic stability of the PCB,
Heavy Metals Sludges, Caustics/Cyanide and Acids Landfills (Other Landfills) at the
Casmalia Resources Hazardous Waste Management Facility (Casmalia) site is the
undrained shear strength (&) of the on-sits waste materials. 51, is commonly estimated
from the results of the Cone Penetration Test (CPT) soundings using the following
equation:

where ge is (uncorrected) CPT cone tip resistance. 0^ is, the initial total vertical stress,
and Njc is an empirical constant Equation (1) indicates that the undrained shear strength-
is inversely proportional to the JV* value, i.e., the undrained shear strength linearly
decreases with increasing M.

Several attempts have been made to correlate Jv* with various soil indices. A
recent publication by Lunne et al. [1997] cites the Aas et al. [1986] correlation as the
latest development. The Aas et al. [1986] correlation was developed for Norwegian
onshore clays over a range of Plasticity Index (PI) values (see Figure I). If we ass îme
that the Ifuidfill mass at the Casmalia site undenvent a similar consolidation process as
the Norwegian onshore clays (i.e., the •waste mass is normally consolidated to slightly

T S C 5 3 2 3 2 6



GeaSvKnrcc CONSULTANTS

C asmaJia Resources Hazardous Waste Management Facility
March8,l$>99 " " .. '"
Page 2 .. ..

o verconsolidated with no fissures) and a P/ between 1O and 50 for the landfill mass
0 issuiued based on available information on on-sitc sludges and soils), the Aas et al.
[;.986] corr'slatlon indicates that the JV* value for the landfill mass could range from 8 to
2D.

I valuation of Kfc from Sliear Wave Velocity

To further evaluate the on-site N/c value for the Other Landfills, we employed
tlie results of Spectral Analysis of Surface Waves (SASW) soundings at the same
Lindfills, These SASW soundings are documented in greater detail in GeoSyntec.
[!995>a; 1999b], As explained in GeoSyntec [1999a; 1999b], results of the SASW
sjundings ;are interpreted as the shear -wave velocity (jy profiles. We employed a
CMTelatioja between shear wave velocity, V^ and Su to substantiate the likely range of
\ alues for fff,, i.e., the correlation between.^ and Su.

Vt is a smaU-fitrein parameter (strains on the order of 1(T* percent) while qc
cad S« arc large-strain parameters. Despite rhe strain incompatibility of these
parameters, all three parameters share functional dependence on sUnilai- quantities,
including effective confining stress level, ta-situ stress state, mineralogy, aging, and
cementation. We explored this functional dependence to substantiate the likely range of
values for //*.

The general procedure to estimate the range of likely JVit values from the
SASW mes^urements that we employed is outlined below:

(i.) Demonstrate that V, and ge axe correlated for the on-sxte waste materials;

Cii.) Estimate Su using the Su— Vs correlation by Dickenson and Seed [1994] for
soft clays; and

1SC532327



GEoSwrec CONSULTANTS

Clasmalia Resources Hazardous Waste Management Facility.
March8,l!>99
I age 3

(tli.) Using Eq, 1, the qe profile estimated from the Mayne and Rix [1995]
correlation, and the £„ profile estimated from the Dickenson and Seed {1994}
correlation, develop a site-specific Nk profile.

In order to demonstrate that the site-specific V, and qe values correlate,
C teoSyntcc employed the Mayne and Rix [1995] correlation between V* and q^ Mayne
sad Rix basic their correlation on more than 480 tests to Intact and fissured clays at 31
sites (see inset in Figure 2), The correlation takes into account the normal stress
c ependency of <je values and has a coefficient of correlation as high as 0.7. Comparison
I etween the measured (uncorreoted) qe values and the qe values calculated from the V,
I rofile using the Mayue and Rhc [1995] correlation is shown in Figure 2. Figure 2
indicates thai measured and calculated qe values correlate reasonably well over the
Cepth interval considered.

Given'the demonstrated agreement between measured and calculated </,.
•v alues ovci the depth interval considered, we then estimated the range of N* values from
tjc results of SASW measurements. We followed the procedure outlined above,
starting with an estimate of the Su profile from Vj. To estimate the Su profile from K,
v/e used the Dicfoenson and Seed [1994] correlation. This correlation, developed for
relatively shallow deposits of San Francisco Bay Mud, is reproduced as an inset in
Figure 3, Figure 3 indicates, as expected, that in general the uadraiacd shear strength
i icreasfts with depth.

Using the ^-derived 9* profile from Figure 2, the ?Vderived SH projfile from
I igure '3 and Equation I, we estimated an average JV* profile for the Other Landfills.
11us average JV* profile for the Other Landfills is shown in Figure 4. Figure 4 indicates
t iat N* value for Other Landfills ranges from approximately 21 at the top of the landfill
t > approximately 19 at a depth of 75 feet (23' in). However, given th« uncertainty In the
c ata employed to develop the V, and qe profiles, an average Nt value of 20 appears
a ppropriate for the upper 75 ft "(23 m) of waste at the site.

T S C 5 3 2 3 2 8



G&OSYNTEC CoNSULlAmS

C asmalia Resources Hazardous Waste Management Facility
MarchS, 1S*99 . . . . . . ; . ..„.*__'_:._ " '
P »ge 4

Summary find Conclusions

This memorandum documents evaluation -of the cone penetrometer
interpretive undrained shear strength parameter Jv* for the Other Landfills. Afc was
e/aluated based upon the conrelatioa wiUi Plasticity Index developed by Aas et al.
(.986) and from the results of site-specific SASW measurements. The SASW
interpretation was based on two independent correlations that relate shear wave velocity
EM the large strain parameters of CPT tip resistance and undraioed shear strength. The
comparison with average CPT tip resistance was employed to demonstrate that the
EASW measurements and CPT data are correlated. The undrained shear strength
c irrelation was then employed to estimate the imdrained shear strength profile of the
Other Land Gils waste from the results of the SASW soundings. This intermediate result
v ras then, used to estimate an average JV* profile of on-site wastes.

The results of evaluations documented herein indicate that within the range
c F Other Landfills waste thicknesses, an average Rvalue of 20 is appropriate.

T S C 5 S 2 3 2 9



GroSvmsc CONSUITANTO

C asmalia Resources Hazardous Waste Management Facility
March 8, 1999
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A P P E N D I X F
WDI SUPERFUND SITE

S E T T L E M E N T C A L C U L A T I O N

F.1 .1 I N T R O D U C T I O N
Calculations were performed to estimate settlement of uncompacted
bentonite fill material ("waste") underlying existing and proposed cover
material at the WDI site in Santa Fe Springs, California. These
calculations were performed using consolidation data measured at
Keantan Laboratories in July and August 2002, for six Shelby Tube
samples of the bentonite obtained in early July 2002. Tests results were
compared and qualified based on our understanding of the "waste" matrix
consisting of non-organic rubble with voids filled by bentonite, and on
empirical observations of the site topography over the decades during
which bentonite waste has remained on-site, as demonstrated on Figure
6.5, Topographic Difference Map.

F.1 .2 B A C K G R O U N D
In 1998, grading work was performed at the site and detailed in
" Technical Memo No. 11 -Reservoir Area Grading Plans and Waste/Debris
Management As-Built Report, Waste Disposal Inc. Superfund Site" (TRC,
December 1998). Now, minor new grading is proposed to provide an
engineered cap over the waste, and possibly for redevelopment of the site
including pavements and structures around the perimeter of the site.
These calculations are performed to evaluate the impact of settlement on
post grading drainage of the site, based on placement of new fill typically
on the order of 2 feet, but possibly ranging up to 9 feet thick at the
perimeter of the project to facilitate redevelopment.

F . 1 . 3 K E Y A S S U M P T I O N
Our settlement calculations are based on the following assumptions:

v Moist unit weight of existing cover fill material is 124 pounds-per-
cubic-foot (pcf) and 100 pcf for bentonite,

T Thickness of new cover fill to be placed is 10 feet or less,
compacted to 90% of the ASTM D 1557-00 laboratory maximum
density (124 pcf), and

v Coefficients of compressibility as follows based on curve smoothing
depicted on Figures F.I.I through F.I.6 (disregarding first curve):
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Compression
Curve Type

Virgin

Table F.1.1. Results of Consolidation Tests
Coefficient of Compressibility (feet2/pounds)

Best Case Worst Case Average
6.67 x 1CT6 3.60x lO'5 2.85x 10'5

F .1 . 4 R E S U L T S
As shown on the attached spreadsheets (13 pages), a parametric
analyses was performed with 36 models varying:

T Bentonite thickness ranging from 321/2 to 5 feet,
T Existing fill thickness ranging from 5 to 15 feet,
v Proposed fill thickness ranging from 2 to 10 feet, and
T Coefficient of compressibility (best and worse case, virgin

compression).

Use of the virgin compression curve versus the rebound curve may be
conservative, depending on the load history of the bentonite, particularly
for smaller new fill thicknesses. Results are summarized on Table F.I.2
on the next page assuming only 4-feet of new fill is placed over the
existing fill and bentonite to facilitate cover (without redevelopment):
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Table F.1.2. Results of Settlement Calculations, 4-Feet Of New Fill

Compression
Curve

J3in
4-*

c
*3

T>

Ulc
Ou
(LJ
(/)

u
c
0
'in

V

O

c
?
>

Compression
Curve Case

Worst

Best
Worst
Best

Worst
Best

Worst
Best

Worst
Best

Worst
Best

Worst
Best

Worst
Best

Worst
Best

Worst
Best

Existing Fill
Thickness

(feet)

5

15

Bentonite
Thickness

(feet)

32.5

30

25

20

15

10

5

32.5

15

5

Estimated
Settlement
(inches)*

4V2

'/2

4'/2

1/2

4 'A

Vi

4

'/2

3%
1/4

2'/2

'A

l'/2

'/4

3

'A

2

'A

%

V4

*For 4-feet of new fill.

F.1 .5 C O N C L U S I O N
As listed in the table above, estimated settlements based on placing 4-
feet of new properly compacted fill above existing grade (excluding
consideration of any construction or permanent cuts), range from 41/z-
inches to less-than Vi-inch. The worst-case data is based on
consolidation tests from Shelby Tube samples of the bentonite. Resulting
consolidation tests were irregular, often lacking the usual smooth concave
curve. This may be due to gravel or coarse sand jammed into the
consolidometer ring interface, causing the compression seat to be caught
momentarily under lighter loads. In particular, we have discounted the
sample from Boring G-01 at a depth of 20 feet, where a highly irregular
curve was reported by Keantan Laboratories.

Undisturbed sampling of the construction rubble was not possible due to
the cobble and gravel content. Therefore, to characterize the "waste"
(bentonite within a rubble matrix) as consisting of solely bentonite, as
represented by the remaining five consolidation test, is considerably
conservative. Rubble should have migrated down through the bentonite
acting as a viscous fluid, such that the rubble created a stable matrix,
with bentonite filling the rubble void space. Further, if an average of the
worst and best case consolidation test is used to characterize the waste
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as a whole, then worst case virgin settlements of 21/2-inches or less are
calculated, with most of the calculated settlements on the order of an inch
or less. Considering Figure 6.5, Topographic Difference Map, this
empirical evidence suggests 0.7 feet (8-inches) in areas immediately
northeast and west-northwest of the reservoir.

Attachments: KeanTan Consolidation Tests (Figures F.I.I through F.I.6)
Settlement Calculation Spreadsheets (14 pages)
Example Hand Calculations
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APPENDIX F.1

WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT ESTIMATES WITH VIRGIN COMPRESSION CURVES
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TABLE F.1.1

SUMMARY OF CONSOLIDATION RESULTS

Boring
Number

G-01
G-04
G-06
G-09
G-10
G-12

Sample Depth
(feet)

20*
10
15
20

lOVz
15

Percent
Consolidation

at 500 psf
6.50%
4.40%
5.00%
0.60%
2.40%
0.60%

Percent
Consolidation
at 2,000 psf

17.50%
8.40%
10.40%
2.15%
5.10%
1.60%

AVERAGE:

Coefficient of
Consolidation

(feet2/pounds)
7.33E-05
2.67E-05
3.60E-05
1.03E-05
1.80E-05
6.67E-06
2.85E-05

*Sample discounted due to test disturbance
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TABLE F.1.2

SUMMARY OF CONSOLIDATION TEST RESULTS (VOID RATIOS)

Boring
Number

G-01
G-04
G-06
G-09
G-10
G-12

Sample Depth
(feet)

20
10
15
20

10'/2

15

Initial Void
Ratio

1.84
3.08
1.26
0.47
0.81
0.44

AVERAGE:

^̂ ^̂ ^H
0.384
0.262
0.163
0.024
0.068
0.020
0.153
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WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)
32.5

Worst Case

Boring Number

G-01 I

Sample
Number Depth (feet)

I 20 3.08 0.261 I
(feet /pounds)

^overburden
(feet)

2
4
6
8
10

Fill Unit
Weight (pcf)

124
124
124
124
124

^^^^^^^^^^•^^•^^^1
(psf) | (psf)
248
496
744
992
1240

2245
2245
2245
2245
2245

Settlement
(feet)
0.095
0.180
0.259
0.331
0.398

Settlement
(inch)

1.1
2.2
3.1
4.0
4.8

Best Case

Boring Number ^ Depth (feet)
(feet /pounds)

'overburden
(feet)

2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

Ap
(Psf)
248
496
744
992
1240

Po
(psf)
2245
2245
2245
2245
2245

Settlement
(feet)
0.020
0.038
0.055
0.070
0.084

Settlement
(inch)

0.2
0.5
0.7
0.8
1.0
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WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)
30

Worst Case

Boring Number |

G-01 T

Sample
Number

4

Depth (feet)

20 3.08 0.261
(feet /pounds)

2.67E-05

*ovurbuf den

(feet)
2
4
6
8
10

Unit Weight ! \p
(pcf)
124
124
124
124
124

(psf)
248
496
744
992

1240

Po ! Settlement
(psf)
2120
2120
2120
2120
2120

(feet)
0.092
0.175
0.251
0.320
0.384

Settlement
(inch)

1.1
2.1
3.0
3.8
4.6

Boring Number !

I G-12

.. .Number

Best Case

Depth (feet)r \ / ,

| 15 | 0.44 0.020
I (feet2/pounds)

^ovi. 'rburden

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

^^^^^^^^n^^^^^^^H^^^^I*/i^^^H

(psf)
248
496
744
992

1240

(psf)
2120
2120
2120
2120
2120

Settlement
(feet)
0.020
0.037
0.053
0.068
0.081

Settlement
( inch)

0.2
0.4
0.6
0.8
1.0
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WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)
25

Worst Case

Boring Number £ Depth (feet)3 Number K v ' (feet /pounds)

^overburden

(feet)
2
4
6
8
10

Unit Weight Ap | p0 | Settlement
(pcf)
124
124
124
124
124

(psf) 1 (psf)
248
496
744
992
1240

1870
1870
1870
1870
1870

(feet)
0.087
0.164
0.233
0.296
0.354

Settlement
(inch)

1.0
2.0
2.8
3.6
4.2

__ Best Case

Boring Number ., f* Depth (feet)a Number K v ' (feet2/pounds)

^overburden

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

Ap
(psf)
248
496
744
992
1240

Po
(psf)
1870
1870
1870
1870
1870

Settlement
(feet)
0.018
0.035
0.049
0.063
0.075

Settlement
(inch)

0.2
0.4
0.6
0.8
0.9
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WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)

1 20

Worst Case

Boring Number ,. , I Depth (feet)3 Number (feet /pounds)

L tovurburdcn

(feet)
2
4
6
8
10

Unit Weight ^^^^^^^^^K^^^^^^^^^^H^^^^^^^^j^^^^l^^^^^^^^^BI^^^^^^^^^H^^^^^KMZ^^^^I
(pcf) | (psf)
124
124
124
124
124

248
496
744
992
1240

(psf)
1620
1620
1620
1620
1620

Settlement
(feet)
0.079
0.149
0.210
0.266
0.316

Settlement
( inch)

1.0
1.8
2.5
3.2
3.8

Best Case

Boring Number .. P Depth (feet)3 Number K v '
G-12 I I 15 0.44

I (feetVpounds)

Hjĵ SBSIH
(feet)

2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

^^^^^^^^Ht̂ ^^^^^^^^^^ l̂*A^^ Î

(Psf)
248
496
744
992
1240

(psf)
1620
1620
1620
1620
1620

Settlement Settlement
(feet)
0.017
0.031
0.045
0.056
0.067

(inch)
0.2
0.4
0.5
0.7
0.8
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WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)
I 15

Worst Case

Boring Number .. ^ Depth (feet)M Number ^ v '
G-01 T 20 3.08 0.261

(feet /pounds)

^overburdc-n

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

Ap
(psf)
248
496
744
992
1240

Po
(psf)
1370
1370
1370
1370
1370

Settlement
(feet)
0.069
0.129
0.181
0.227
0.269

Settlement
(inch)

0.8
1.5
2.2
2.7
3.2

Best Case

Boring Number

G-12

Sample
Number Depth (feet)

1 15 I 0.44 T 0.020
(feet /pounds)

^-overburden

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

AP

(psf)
248
496
744
992
1240

Po
(psf)
1370
1370
1370
1370
1370

Settlement
(feet)
0.015
0.027
0.038
0.048
0.057

Settlement
(inch)

0.2
0.3
0.5
0.6
0.7
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WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) I Waste (feet)

Worst Case
i

Boring Number

G-01 |

fmP'e Depth (feet) <Number I
4 | 20 | 3

c Cv
"° c (feetVpounds)
.08 0.261 | 2.67E-05 |

^ o v e r b u r d e n

(feet)
2
4
6
8
10

Uni t Weight
(pcf)
124
124
124
124
124

Ap
(psf)
248
496
744
992
1240

Po
(psf)
1120
1120
1120
1120
1120

Settlement
(feet)
0.056
0.102
0.142
0.176
0.207

Settlement
(inch)

0.7
1.2
1.7
2.1
2.5

Best Case

Boring Number

G-12 I

Sample
Number Depth (feet)

15
(feet /pounds)

I 0.44 | 0.020 j 6.67E-06 I

^overburden

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

•^p
(psf)
248
496
744
992
1240

Po
(psf)
1120
1120
1120
1120
1120

Settlement
(feet)
0.012
0.022
0.030
0.037
0.044

Settlement
(inch)

0.1
0.3
0.4

. 0.4
0.5
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WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)
I

Worst Case

Boring Number ., !_ Depth (feet)a Number ^ v ' (feet /pounds)

^overburden

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

^^^^^^^^^^^^^^^^^^^^1
(psf)
248
496
744
992
1240

Po
(psf)
870
870
870
870
870

Settlement
(feet)
0.035
0.063
0.086
0.106
0.123

Settlement
(inch)

0.4
0.8
1.0
1.3
1.5

Best Case

Boring Number £ Depth (feet)

G-12 I I 15
I u | c I (feetVpounds)

^overburden

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

^^^^^D^^^^ l̂
(psf)
248
496
744
992
1240

mnrn
(psf)
870
870
870
870
870

Settlement
(feet)
0.007
0.013
0.018
0.022
0.026

Settlement
(inch)

0.1
0.2
0.2
0.3
0.3
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WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)
15 I 32.5

j

Boring Number j

I G-01 |

Sample
Number

4

Worst Case

| Depth (feet) 60

1 20 I 3.08 1

C C"c (feetVpounds)
0.261 | 2.67E-05 |

*overburdi'rt

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

AP
(psf)
248
496
744
992

1240

Po
(psf)
3485
3485
3485
3485
3485

Settlement
(feet)
0.062
0.120
0.175
0.226
0.275

Settlement
(inch)

0.7
1.4
2.1
2.7
3.3

Best Case

Boring Number

G-12

Sample
Number Depth (feet)

1 15
(feet /pounds)

I 0.44 I 0.020 I 6.67E-06

^overburden

(feet)
2
4
6
8
10

Unit Weight \p | Po Settlement | Settlement
(pcf) 1 (psf) I (psf)
124
124
124
124
124

248
496
744
992
1240

3485
3485
3485
3485
3485

(feet)
0.013
0.025
0.037
0.048
0.058

(inch)
0.2
0.3
0.4
0.6
0.7

1651-8A revised settlement calculation.xls, 1/3/03 11 of 13



WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)
15 15

Worst Case

Boring Number .. {_ Depth (feet)3 Number K v ' (feet /pounds)

^overburden
(feet)

2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

Ap
(psf)
248
496
744
992
1240

Po
(psf)
2610
2610
2610
2610
2610

Settlement
(feet)
0.038
0.073
0.105
0.134
0.162

Settlement
(inch)

0.5
0.9
1.3
1.6
1.9

Best Case

Boring Number .. [_ Depth (feet)a Number r \ i. (feet2/pounds)

^overburden

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

Ap
(psf)
248
496
744
992
1240

Po
(psf)
2610
2610
2610
2610
2610

Settlement
(feet)
0.008
0.015
0.022
0.028
0.034

Settlement
(inch)

0.1
0.2
0.3
0.3
0.4

1651-8A revised settlement calculation.xls, 1/3/03 12 of 13



WASTE DISPOSAL INC. SUPERFUND SITE
SETTLEMENT CALCULATION WITH VIRGIN CURVE

Assumed [ Assumed
Thickness of Thickness of

Fill (feet) Waste (feet)
15

Boring Number Sample
Number

Worst Case

Depth (feet)
(feet /pounds)

^ O v e r b u r d e n

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

\P
(Psf)
248
496
744
992

1240

Po
(psf)
2110
2110
2110
2110
2110

Settlement
(feet)
0.015
0.029
0.042
0.054
0.064

Settlement
( inch)

0.2
0.4
0.5
0.6
0.8

Best Case

Boring Number i .. ^ Depth (feet)a Number K v ' (feet /pounds)

^overburden

(feet)
2
4
6
8
10

Unit Weight
(pcf)
124
124
124
124
124

^^^^^^^^n±^^^^^^H^^^ |̂i^^^^H
(psf)
248
496
744
992
1240

(psf)
2110
2110
2110
2110
2110

Settlement Settlement
(feet)
0.003
0.006
0.009
0.011
0.014

(inch)
0.0
0.1
0.1
0.1
0.2

1651-8A revised settlement calculation.xls, 1/3/03 13 of 13
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CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: WDI/SANTA FE SPRINGS KTL NO.: 02-056-002
CLIENT PROJECT NO.: 1651-8A CLIENT : TRC

REPORT DATE : AUG 2002 SUMMARIZED BY : K. TAN

BORING NO. : G-01/ 4

INITIAL DRY DENSITY : 59.4 pcf.

INITIAL VOID RATIO : 1.838

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 20 ft.

INITIAL MOISTURE CONTENT : 54.7 pet.

0.00

20.00
10 -1

COMPRESSIVE STRESS (KSF)
FIGURE NO.

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: WDI/SANTA FE SPRINGS
CLIENT PROJECT NO.: 1651-8A

REPORT DATE : AUG 2002

KTL NO.: 02-056-002
CLIENT : TRC

SUMMARIZED BY : K. TAN

BORING NO. : G-04/ 3

INITIAL DRY DENSITY : 41.3 pcf.

INITIAL VOID RATIO : 3.081

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 10 ft.

INITIAL MOISTURE CONTENT : 103.9 pet.

o.oo -e

2.00

5 4.00

3o
6.00

W 8.00
OK

10.00

12.00

14.00
10

\,

\\

\

H r

COMPRESSIVE STRESS (KSF)
10

FIGURE NO. -*r./, 2
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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email: keantanlab@aol.com

CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: WDI/SANTA FE SPRINGS
CLIENT PROJECT NO.: 1651-8A

REPORT DATE : AUG 2002

KTL NO.: 02-056-002

CLIENT : TRC

SUMMARIZED BY : K. TAN

BORING NO. : G-06/ 5

INITIAL DRY DENSITY : 74.6 pcf.

INITIAL VOID RATIO : 1.260

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 15 ft.
INITIAL MOISTURE CONTENT : 44.0 pet.

0.00

10 1
COMPRESSIVE STRESS (KSF)

FIGURE NO. XT,
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: WDI/SANTA FE SPRINGS

CLIENT PROJECT NO.: 1651-8A

REPORT DATE : AUG 2002

KTL NO.: 02-056-002

CLIENT : TRC

SUMMARIZED BY : K. TAN

BORING NO. : G-09/ 4

INITIAL DRY DENSITY : 114.6 pcf.

INITIAL VOID RATIO : 0.471

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 20 ft.
INITIAL MOISTURE CONTENT : 13.4 pet.

0.00

2.25

COMPRESSIVE STRESS (KSF)
FIGURE N0./«v

720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: WDI/SANTA FE SPRINGS
CLIENT PROJECT NO.: 1651-8A

REPORT DATE : AUG 2002

KTL NO.: 02-056-002

CLIENT : TRC

SUMMARIZED BY : K. TAN

BORING NO. : G-10/ 3

INITIAL DRY DENSITY : 92.9 pcf.

INITIAL VOID RATIO : 0.814

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 10.5 ' ft.

INITIAL MOISTURE CONTENT : 27.5 pet.
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COMPRESSIVE STRESS (KSF)
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720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568"
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CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: TOI/SANTA FE SPRINGS
CLIENT PROJECT NO.: 1651-8A

REPORT DATE : AUG 2002

KTL NO.: 02-056-002
CLIENT : TRC

SUMMARIZED BY : K. TAN

BORING NO. : G-12/ 4

INITIAL DRY DENSITY : 117.0 pcf.

INITIAL VOID RATIO : 0.441

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 15 ft.

INITIAL MOISTURE CONTENT : 12.5 pet.
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FIGURE NO. .̂
720 North Valley Street, Suite B, Anaheim, CA 92801 • Tel.: (714) 535-7616 • Fax: (714) 535-7568
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EXPLORATORY BORING: G-06 sheet i of 2
DRILL RIG: LAYNE CHRISTENSEN COMPANY
BORING TYPE: 8-INCH HOLLOW STEM AUGER
LOGGED BY: TKK
START DATE: 7-10-02 FINISH DATE: 7-10-02
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PROJECT NO: 1651-8A
PROJECT: WASTE DISPOSAL SUPERFUND SITE
LOCATION: SANTA FE SPRINGS, CALIFORNIA
COMPLETION DEPTH:

This log is a part of a report by Lowney Associ9les, and should not be used as a
stand-atone document. This description appties only to me location of the exploration

at the time of drilling. Subsurface conditions may differ at other locations and may
change al this location with time. The description presented is a simplification of
actual conditions encountered. Transitions between soil types may be gradual.

MATERIAL DESCRIPTION AND REMARKS

SURFACE ELEVATION: 158 FT. (+/-)
FILL: CLAYEY SAND (SC), with medium to coarse
gravel, medium dense to dense, dry, brown -

-

""

FILL: CLAY (CL), traces of sand, soft, slightly moist,
dark brown

FILL: BENTONITE CLAY (CL), very soft, wet, black,
weak petroleum odor

- too soft, only 6 inch recovery

-

~

-

- very soft, black to gray, weak petroleum odor (0.6
ppm) -

-

- dark gray, very weak petroleum odor (7.6 ppm)

NATIVE: SAND (SP), very dense, moist, greenish
brown, no odor

Continued Next Page
GROUND WATER OBSERVATIONS:

NO FREE GROUNDWATER ENCOUNTERED
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FIELD BORING LOG

OFS NUMBER: SHEET 1

PROJECT NAME: WASTE DISPOSAL INC. BORING NUMBER: SB-029 DATE/TIHE STARTED: 09/09/88 0938
LOCATION: SANTA FE SPRINGS BORING LOCATION: RESERVOIR AREA DATE/TIHE COMPLETED: 09/14/88 1200

CALIFORNIA DRILLING CONTRACTOR: DATUM TOTAL DEPTH: 67.50
CLIENT NAME: EPA DRILLING METHOD: KSA SURFACE ELEVATION: 158.6310
SITE MANAGER: D. MELCHIOR BIT SZ/HAHMER WT/DROP: 7"/KO#/30" WATER DEPTH: 51.00

LOGGED BY: G. GALLOWAY SAMPLE RETRIEVAL SYS: SPLIT SPOON

D
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SAMPLE DATA

S
A
M
P
L
E
*

01
02
03

04
05
06

07
08
09

10

11
12
13

14
15
16

B
L
0
W
S

6"

0
0
0

4
5
12

8
8
4

1
1
4

2
2
3

1
0
0

2
3
4

17
34
48

25
50
0

24
34
44

0
V
A

P
P
M

0.0

0.0

0.0

1.0

300.0

1.0

0.0

0.0

0.0

0.0

c
G
I

X
L
E
L

0

0

0

0
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100
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75

70

***

0
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N

N
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N

N

C
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G
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YB

DC

G

T

DG

M
0
I
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DR

SM/
MO

MO

SM-
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MO
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SM-
MO

SM-
HO

P
0
R
/
P
E
H

L,H

H,H

L,L

L,L

LL-M
H

HH

HM

HH

M-H

U
S
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s
Y
M
B

SM

SP

Cl

CL

CL-
SP

SC

SM

SP

SP

H
N
U

0.0

0.0

0.0

0.0

40.0

30.0

17.0

0.0

35.0

0.0

DESCRIPTION

•

SILTY SAND WITH ROCKS AND PEBBLES,
RED BROWN, DRY, MEDIUM DENSE.

134

MEDIUM COARSE GRAINED SAND, GRAY, DRY,
MEDIUM DENSE, CHIPS AND BLOCKS OF TILE
AND CEMENT. CLP SAMPLE.

140

AT 9.5 FEET SOFT, DARK GRAY CLAY (HUD),
DAMP TO MOIST. NON CLP SAMPLE.

141

HOLE IS ABOVE 100X LEL. FOR 45 MINUTES
WE WILL ABANDON AND ALLOW TO VENT.
NON CLP SAMPLE.

142

MEDIUM GRAINED SANDS WITH CLAY. ALLUVIUM
ALLUVIUM. POOR SAMPLE RECOVERY-ONLY
ONE SAMPLE SLEEVE COLLECTED. NON CLP
SAMPLE.

102

DARK GRAY TO GRAY, SILTY CLAY WITH
TRACES OF SUMP MATERIAL.

111

DARK GRAY MEDIUM GRAINED SAND AND SILT.
HYDROCARBON SUMP CONTAMINATION.

112

GRAY TO TAN COARSE GRAINED SAND.
MEDIUM DENSE, DAMP.

DARK GRAY SILTY FINE SAND AND CLAY.
MEDIUM DENSE.



FIELD BORING LOG

CALIFORNIA DRILLING CONTRACTOR: DATUM TOTAL DEPTH: 40.00
CLIENT NAME: EPA DRILLING METHOD: HSA SURFACE ELEVATION: 158.5018
SITE MANAGER: D. MELCHIOR BIT SZ/HAMHER WT/DROP: 7»/KO*/30" WATER DEPTH: 0.00

LOGGED BY: T. TOHCZYK SAMPLE RETRIEVAL SYS: SPLIT SPOON
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SAMPLE DATA
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P
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8
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7
5
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0
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4
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2
3
3

4
3
5

5
4
5
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6

0
V
A

P
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30.0

/JCR£
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1000.0
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1000.0

1000.0

1000.0
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M
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1.8
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0.4

2.5

4.0

7.0

0.0

0.0

DESCRIPTION

BROWN TO LIGHT BROWN FILL MATERIAL(OAF),
SILTY SAND. CLP SAMPLE.

1111

BLACK, STIFF, CLAY LIKE, VISIBLE
CONTAMINATION. LAST 6" BROWN SILT t
SAND. NON CLP SAMPLE.

1122

CONCRETE ENCOUNTERED AT 10'. NO SAMPLE
POSSIBLE. DARK SILTY SAND IN TAILINGS.

1132

BLACK MUD, VISIBLE CONTAMINATION, SUMP
MATERIAL.

1150

FIRST SLEEVE SAME AS PREVIOUS; SECOND
AND THIRD WERE GRAY SILT WITH FINE SAND.
ZERO IN BREATHABLE OVA ZONE. CLP
SAMPLE.

1205

GRAY SILTY CLAY AND CLAYEY SUMP MATERIAL
WITH SOME BLACK STREAKS. CLP SAMPLE.

1222

GRAY SILTY SAND. NO VISIBLE
CONTAMINATION. NO SAMPLE COLLECTED.

1240

NO VISIBLE CONTAMINATION. GRAY FINE TO
COARSE SAND. NON CLP SAMPLE.

130C

GRAY GREEN SILT WITH CLAY AND MINOR FINE
GRAINED SAND. ZERO OVA ON BREATHING
ZONE.

1332



TABLE 8.1.3-1

SUMMARY OF CONSOLIDATION TEST RESULTS

WASTE DISPOSAL INC. SUPERFUND SITE

Location

(disturbed*)
Area 7
Area 4

Within Rerservoir

Top of Slope

Boring
Number

G-01
G-04
G-06
G-09
G-10
G-12

Thickness of
Bentonite

(feet)
15.0
11.5
17.5
16.0
15.5
13.5

Sample Depth
(feet)
20*
10
15
20

lOVz
15

Initial Void
Ratio
1.84
3.08
1.26
0.47
0.81
0.44

AVERAGE (Discounting G-01 at 20 feet):

mm
0.384
0.262
0.163
0.024
0.068
0.020
0.107

*Sample discounted due to test disturbance

1651-8A settlement calculation.xls, 12/23/02 lof 1
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email: keanlanlab@aol.com

CONSOLIDATION TEST RESULTS
(ASTM D2435)

PROJECT: TOI/SANTA FE SPRINGS KTL NO.: 02-056-002

CLIENT PROJECT NO.: 1651-8A CLIENT : TRC

REPORT DATE : AUG 2002 SUMMARIZED BY : K. TAN

BORING NO. : G-06/ 5

INITIAL DRY DENSITY : 74.6 pcf.

INITIAL VOID RATIO : 1.260

SPECIFIC GRAVITY : 2.70(ASSUMED)

DEPTH : 15 ft.

INITIAL MOISTURE CONTENT : 44.0 pet.
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TRC
Customer-Focused Solutions

November 4, 2002

WDI Superfund Site - Waste Shear Strength Calculation

Introduction
A calculation was performed to estimate the prevailing shear strength of the waste
underlying the cover material at the WDI site. This calculation was performed using a
known loading condition for the site and back-calculating unconsolidated, undrained
(UU) shear strength, given specified factors of safety.

Background
In 1998, grading work was performed at the site and detailed in "Technical Memo No. 11
- Reservoir Area Grading Plans and Waste/Debris Management As-Built Report, Waste
Disposal Inc. Superfund Site" (TRC, December 1998). The equipment used for grading
was a John Deere 762 Motor Scraper (that is no longer in production). The existing
cover and underlying waste did not experience bearing capacity failure under the scraper
loading; thus, the loaded scraper weight has been used in these calculations as a known
loading condition. Given the variable nature and composition of the waste under the
cover, it was determined that back-calculating shear strength of waste based on known
performance would be representative of lower bound conditions present at the time of
regrading in 1998.

Organization
This calculation is organized as follows:

Attachment A: Description of Bearing Capacity Model and Model Parameters
Attachment B: Model Calculation Spreadsheets
Attachment C: Coefficient of Punching Shear (Ks) as a function off?
Attachment D: Copies of referenced pages from J.E. Bowles' Foundation

Analysis and Design, Fifth Ed.
Attachment E: John Deere Scraper Specifications and Tire Contact Footprint
Attachment F: Site Plan Showing Cover and Waste Elevations

Approach
A range of values was assumed for the shear strength of the waste and corresponding
ultimate bearing capacities for the two-layer soil model were calculated. The ratio of the
ultimate bearing capacity to applied load, i.e. factor of safety, was calculated for each
shear strength value, as depicted on Figure 1. The thickness of cover and factor of safety
were plotted for each assumed value of shear strength. A factor of safety ranging from
1.5 to 2.0 was selected as being representative of the cover performance, given that
bearing capacity failure, rutting or soft spots were not observed during the 1998 cover
grading.

21 Technology Drive • Irvine, California 92618
Telephone 949-753-0101 • Fax 949-753-01 1 1 ®



Key Assumptions
• Minimum existing cover over waste is between 2.5 and 3.0 feet (see Attachment

F: Cover thickness is the difference between the cover and waste elevations).
Explanation on Attachment F

• Friction angle of the cover material is 31°
• Waste consists of a matrix of construction demolition debris with voids filled with

bentonite clay (drilling mud)
• Applied load during grading can be modeled as the weight of a loaded John Deere

762 scraper bearing on four tires, each with an area 1.37 feet wide by 1.61 feet
long

Conclusion
The ultimate shear strength of the waste can be estimated by calculating the combined
ultimate bearing capacity of the waste and punching shear resistance of the cover. The
assumed value for the shear strength of the waste can be checked for reasonableness by
calculating the factor of safety for the previous loading condition during site grading
operations. As the following Figure 1 illustrates, if the factor of safety was between 1.5
and 2.0 and the minimum depth of cover was between 2.5 and 3.0 feet, the gross shear
strength of the waste was about 525 to 775 pounds-per-square-foot (psf).

0>

10
(A
V

Range of Expected Minimum
| Factor of Safety Based on
i Observed Cover

4 -1 Performance

Range of Minimum Cover Thickness
In Area of 1998 Grading

ASSUMED WASTE
SHEAR STRENGTH:

Calculated Shear
Strength for Previous
Loading Condition

375 psf
525 psf
675 psf
825 psf

0 1 2
Factor of Safety Against Punching Shear From Loaded

John Deere 762 Scraper

Camilla Khan
Senior Project Engineer



ATTACHMENT A

Description of Bearing Capacity Model and Model Parameters
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ATTACHMENT B

Model Calculation Spreadsheets



WASTE DISPOSAL INC. SUPERFUND SITE
FACTOR OF SAFETY VS. DEPTH FOR DIFFERENT SHEAR STRENGTH

Existing
Cover

Thickness
(feet)

Factor of Safety For JD 762 Loading, For Assumed Strength

250 psf 375 psf 525 psf 675 psf 825 psf

4
3
2
1
0

1.25
0.93
0.67
0.45
0.22

1.54
1.18
0.87
0.62
0.32

1.95
1.50
1.12
0.82
0.45

2.31
1.80
1.36
1.02
0.58

2.73
2.12
1.62
1.23 •
0.71

Range of Expected Minimum
Factor of Safety Based on

Observed Cover Performance

Range of Minimum Cover Thickness
In Area of 1998 Grading

ASSUMED WASTE
SHEAR STRENGTH:

375 psf
525 psf
675 psf
825 psf

ui

1 2
Factor of Safety Against Punching Shear From Loaded

John Deere 762 Scraper

Revised 1651-8a bearing capacity3.xls PUNCHING SHEAR FAILURE 1of1



WASTE DISPOSAL INC. SUPERFUND SITE
BEARING CAPACITY CALCULATION - PUNCHING SHEAR FAILURE

4
3
2
1
0

124
124
124
124
124

200
200
200
200
250

31
31
31
31
0

0
0
0
0
0

12090.4
12090.4
12090.4
12090.4
1504.4

5.95
5.95
5.95
5.95
5.95

992
558
248
62
0

0.60
0.60
0.60
0.60
0.00

1.7
1.7
1.7
1.7
1.7

2.2
2.2
2.2
2.2
2.2

6029.1
3391.4
1507.3
376.8
0.0

4760.0
3570.0
2380.0
1190.0
0.0

3746.5
3301.7
2856.8
2412.0
1503.4

8654.9
6468.7
4625.4
3124.9
1503.4

1.25
0.93
0.67
0.45
0.22

4
3
2
1
0

1.59
1.44
1.29
1.15
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

: +=0 used

Revised 1651-8a bearing capacity .ids 1of1



WASTE DISPOSAL INC. SUPERFUND SITE
BEARING CAPACITY CALCULATION - PUNCHING SHEAR FAILURE

4
3
2
1
0

124
124
124
124
124

200
200
200
200
375

31
31
31
31
0

0
0
0
0
0

12090.4
12090.4
12090.4
12090.4
2256.1

5.95
5.95
5.95
5.95
5.95

992
558
248
62
0

0.60
0.60
0.60
0.60
0.00

2
2
2
2
2

2.2
2.2
2.2
2.2
2.2

7093.0
3989.8
1773.3
443.3
0.0

4760.0
3S70.0
2380.0
1190.0
0.0

5305.9
4717.1
4128.4
3539.6
2255.1

10698.4
8156.4
6017.9
4282.7
2255.1

1.54
1.18
0.87
0.62
0.32

Scraper

Sand
Waste

1.53
1.17

1.27 |
1 |

1.27
1

4
3
2
1
0

1.59
1.44
1.29
1.15
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

*: +=0 used

Revised 1651-8a bearing capacity.xls 1of1



WASTE DISPOSAL INC. SUPERFUND SITE
BEARING CAPACITY CALCULATION - PUNCHING SHEAR FAILURE

Punching Shear Bearing Capacity Calculation Using C = 525 psf For Waste I

Existing Cover : : , _ i Friction = , - , _ ! - ^ • I_.. , : Un;t Weight : Cohesion : . i Surcharge ; qy!. .-.,,„ . ; n *--»« * 1 \f A. I n o k ^ n f i nH.r. • 1"-— ... i q'o.,,-.,c : Factor of

(feet) . lpc f )
 : ^sf> i (degree) j lp5" | *Ps f ' , j j j ,

4
3
2
1
0

124
124
124
124
124

200
200
200
200
525

31
31
31
31
0

0
0
0
0
0

12090.4
12090.4
12090.4
12090.4
3158.1

5.95
5.95
5.95
5.95
5.95

992
558
248
62
0

0.60
0.60
0.60
0.60
0.00

2.6
2.6
2.6
2.6
2.6

2.2
2.2
2.2
2.2
2.2

<• • - | K-I~I ! (ps, f) . (p s f) Safety

9221.0
5186.8
2305.2
576.3
0.0

4760.0
3570.0
2380.0
1190.0

0.0

7177.1
6415.6
5654.2
4892.7
3157.1

13537.7
10399.5
7785.7
5696.3
3157.1

1.95
1.50
1.12
0.82
0.45

Tvpe of Contact Width
.Mu.Hi«ent j (feet) :

John Deere
762 Scraper

Tire Load | Pressure
(pounds) i (psf}

1.37 1.61 2.2 15,258 6,941

Friction Angle | ! Nq ! N
(degree) I i q i

30
31
32
0

30.13
32.8
35.47
5.14

18.4
20.8
23.2

1

15.7
18.85.

22
0

Shape Factor
Sand
Waste

*: **0 used

1.53 1.27
1.17

1.27

Existing Cover! 0e pth Factor-
Thickness i —————————————————————————————

(feet) | dc j dq | d-
4
3
2
1
0

1.59
1.44
1.29
1.15
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

Revised 1651-8a bearing capadty.xls 1of1



WASTE DISPOSAL INC. SUPERFUND SITE
BEARING CAPACITY CALCULATION - PUNCHING SHEAR FAILURE

4
3
2
1
0

124
124
124
124
124

200
200
200
200
675

31
31
31
31
0

0
0
0
0
0

12090.4
12090.4
12090.4
12090.4
4060.1

5.95
5.95
5.95
5.95
5.95

992
558
248
62
0

0.60
0.60
0.60
0.60
0.00

3
3
3
3
3

2.2
2.2
2.2
2.2
2.2

10639.6
5984.8
2659.9
665.0
0.0

4760.0
3570.0
2380.0
1190.0
0.0

9048.4
8114.2
7180.0
6245.8
4059.1

16054.4
12461.1
9472.9
7089.7
4059.1

2.31
1.80
1.36
1.02
0.58

Sand
Waste

1.53
1.17

1.27
1

1.27
1

4
3
2
1
0

1.59
1.44
1.29
1.15
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

*: 4=0 used

Revised 1651-Sa bearing capacity.xls 10f1



WASTE DISPOSAL INC. SUPERFUND SITE
BEARING CAPACITY CALCULATION - PUNCHING SHEAR FAILURE

Punching Shear Bearing Capacity Calculation Using C=825 psf For WasteE*S£ri ""•«' i c — ^0°; j s7h,rgc u,m... ! i j | | | ! pd,Ci u ; , - , \fa^ro,
(feet) : !pc'; : (ps'! ; (degree) : ( p s f 5 ! (psf) ! | I ' j | ( p s f ) | (psf ) j Safet¥

4
3
2
1
0

124
124
124
124
124

200
200
200
200
825

31
31
31
31
0

0
0
0
0
0

12090.4
12090.4
12090.4
12090.4
4962.2

5.95
5.95
5.95
5.95
5.95

992
558
248
62
0

0.60
0.60
0.60
0.60
0.00

3.65
3.65
3.65
3.65
3.65

2.2
2.2
2.2
2.2
2.2

12944.8
7281.4
3236.2
809.0
0.0

4760.0
3570.0
2380.0
1190.0

0.0

10919.7
9812.7
8705.8
7598.8
4961.2

18974.4
14749.6
11260.9
8508.3
4961.2

2.73
2.12
1.62
1.23
0.71

, ontact Width
nt ; ( f e e t )

John Deere
762 Scraper 1.37 1.61

i Contact \ Tire Load [ Pressure
• Area (feet :) (pounds) i (psf)

I 2.2 15,258 6,941

Friction Angle! N | N | N
(degree) i ; q

30
31
32
0

30.13
32.8
35.47
5.14

18.4
20.8
23.2

1

•
15.7

18.85
22
0

Existing Cover
Thickness

(feet)

4
3
2
1
0

Depth Factor*

dc ' dq
1.59
1.44
1.29
1.15
1.00

1.00
1.00
1.00
1.00
1.00

1̂.00
1.00
1.00
1.00
1.00

*: +=0used

Revised 1651-8a bearing capatity3.xls 1of1



ATTACHMENT C

Coefficient of Punching Shear (Ks)
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ATTACHMENT D

Copies of Referenced Pages from J.E. Bowles'
Foundation Analysis and Design, Fifth Edition



222 FOUNDATION ANALYSIS AND DESIGN

TABLE 4-2
Bearing-capacity factors for the
Terzaghi equations
Values of Nr for 4> of 0. 34, and 48° are original
Terzaghi values and used to back-compute Kn

TABLE 4-3
Shape, depth, and inclination factors for
the Meyerhof bearing-capacity equations
of Table 4-1

<M«S N. N, Nr Kfr

0
5

10
15
20
25
30
34
35
40
45
48
50

5.7*'
7.3
9.6

12.9
17.7
25.1
37.2
52.6
57.8
95.7

172.3
258.3
347.5

1.0
1.6
2.7
4.4
7.4

12.7
22.5
36.5
41.4
81.3

173.3
287.9
415.1

0.0
0.5
1.2
2.5
5.0
9.7

19.7
36.0
42.4

100.4
297.5
780.1

1153.2

10.8
12.2
14.7
18.6
25.0
35.0
52.0

82.0
141.0
298.0

800.0

Factors Value For

Shape:

Depth:

i, = I+0.2K,

s, = »T = 1

Any,

<t» 10
d,, - </, -- i

/ 0° \2
Inclination: ic = i, = 1 1 - — 1
R V \ '

V
V

-1L±
<•-('-£)'
ir = 0 for 6 > 0

* = 0

Any,

4»0

*-0
•Nt « l.Sw -t- 1. [See Terzaghi (1943), p. 127.]

Where Kf » UnJ(45 + */2) as in Fig. 4-2
6 = angle of resultant R measured from vertical without

a sign; if 0 = Oall fc - 1.0.
B,L,D" previously defined

so that the shear resistance along cd of Fig. 4-3a could be neglected. Table 4-1 lists the
Terzaghi equation and the method for computing the several N, factors and the two shape
factors si. Table 4-2 is a short table of N factors produced from a computer program and
edited for illustration and for rapid use by the reader. Terzaghi never explained very well
how he obtained the Kpy used to compute the bearing-capacity factor Ny. He did, however,
give a small-scale curve of $ versus Ny and three specific values of Ny at $ = 0, 34, and
48° as shown on Table 4-2. The author took additional points from this curve and used a
computer to back-compute Kpy to obtain a table of best-fit values from which the tabulated
values of Ny shown in Table 4-2 could be computed from the equation for Ny shown in Table
4-1. Inspection of Table 4-4 indicates that the Meyerhof Ny(M) values are fairly close except
for angles of tf> > 40°. Other approximations for Ny include the following:

Ny = 2(Nq + l)tan<£ Vesic (1973)
Ny = 1.l(Nq - 1) tan 1.3^ Spangler and Handy (1982)

The Ny value has the widest suggested range of values of any of the bearing-capacity N
factors. A literature search reveals

38 ^ 192 for 4> - 40°
In this textbook values from Tables 4-2 and 4-4 give a range from about 79 to 109.

Recently Kumbhojkar (1993) presented a series of values of N7 with the claim they are
better representations of the Terzaghi values than those of Table 4-2. An inspection of these
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N7 values shows the following:

Terzaghi* BoltonandLau Kumbhojkar Table 4-2
d> (1943) (1993) (1993) (this text)

34'
48

36
780

43.5
638

32
650.7

36
780.1

•See Terzaghi (1943). Fig. 38 and page 128.

Fortunately the Ny term does not make a significant contribution to the computed bearing
capacity, so any of the values from Tables 4-2 or 4-4 can be used (or perhaps an average).

Bolton and Lau (1993) produced new Nq and Ny values for strip and circular footings
for both smooth and rough ground interfacings. Their Nq values for either smooth or rough
strips are little different from the Hansen values for rough strips. The Nq values for circular
footings range to more than two times the strip values. The Ny values for rough footings
compare well with the Vesic values in Table 4-4. Since the Table 4-4 values have shape Sf
and depth d; factors to be applied, it appears that these "new" values offer little advantage
and are certainly more difficult to compute (see comparison with Terzaghi values in preceding
table).

Meyerhof's Bearing-Capacity Equation
Meyerhof (1951, 1963) proposed a bearing-capacity equation similar to that of Terzaghi
but included a shape factor sq with the depth term Nq. He also included depth factors d, and

TABLE 4-4
Bearing-capacity factors for the Meyerhof, Hansen, and Vesic bearing-
capacity equations
Note that Ne and Nt are the same for all three methods; subscripts identify author for Nr

N, NTW N-rVf> NI&) N^IN, 2tan«J>(l - sin<

0
5

10
15
20
25
26
28
30
32
34
36
38
40
45
50

5.14*
6.49
8.34

10.97
14.83
20.71
22.25
25.79
30.13
35.47
42.14
50.55
61.31
75.25

133.73
266.50

1.0
1.6
2.5
3.9
6.4

10.7
11.8
14.7
18.4
23.2
29.4
37.7
48.9
64.1

134.7
318.5

0.0
0.1
0.4
1.2
2.9
6.8
7.9

10.9
15.1
20.8
28.7
40.0
56.1
79.4

200.5
567.4

0.0
0.1
0.4
1.1
2.9
6.8
8.0

11.2
15.7
22.0
31.1
44.4
64.0
93.6

262.3
871.7

0.0
0.4
1.2
2.6
5.4

10.9
12.5
16.7
22.4
30.2
41.0
56.2
77.9

109.3
271.3
761.3

0.195
0.242
0.296
0.359
0.431
0.514
0.533
0.570
0.610
0.653
0.698
0.746
0.797
0.852
1.007
1.195

0.000
0.146
0.241
0.294
0.315
0.311
0.308
0.299
0.289
0.276
0.262
0.247
0.231
0.214
0.172
0.131

>-» 0°.
Slight differences in above table can be obtained using program BEARJNG.EXE on diskette depending on com-
puter used and whether or not it has floating point.
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inclination factors i, [both noted in discussion of Eq. (/)] for cases where the footing load is
inclined from the vertical. These additions produce equations of the general form shown in
Table 4-1, with select N factors computed in Table 4-4. Program BEARING is provided on
disk for other Nf values.

Meyerhof obtained his N factors by making trials of the zone abd' with arc ad' of Fig.
4-3fe, which include an approximation for shear along line cd of Fig. 4-3a. The shape, depth,
and inclination factors in Table 4-3 are from Meyerhof (1963) and are somewhat different
from his 1951 values. The shape factors do not greatly differ from those given by Terzaghi
except for the addition of sq. Observing that the shear effect along line cd of Fig. 4-3a was
still being somewhat ignored, Meyerhof proposed depth factors d\.

He also proposed using the inclination factors of Table 4-3 to reduce the bearing capacity
when the load resultant was inclined from the vertical by the angle 6. When the ir factor is
used, it should be self-evident that it does not apply when <f> — 0°, since a base slip would
occur with this term — even if there is base cohesion for the ic term. Also, the ij factors all =
1.0 if the angle 6 = 0.

Up to a depth of D «» B in Fig. 4-3a, the Meyerhof <?uu is not greatly different from the
Terzaghi value. The difference becomes more pronounced at larger D/B ratios.

Hansen's Bearing-Capacity Method
Hansen (1970) proposed the general bearing-capacity case and N factor equations shown
in Table 4-1. This equation is readily seen to be a further extension of the earlier Meyer-
hof (1951) work. Hansen's shape, depth, and other factors making up the general bearing-
capacity equation are given in Table 4-5. These represent revisions and extensions from ear-
lier proposals in 1957 and 1961. The extensions include base factors for situations in which
the footing is tilted from the horizontal bt and fpr the possibility of a slope /3 of the ground
supporting the footing to give ground factors g,. Table 4-4 gives selected N values for the
Hansen equations together with computation aids for the more difficult shape and depth fac-
tor terms. Use program BEARING for intermediate W, factors, because interpolation is not
recommended, especially for <f> S 35°.

Any of the equations given in Table 4-5 not subscripted with a V may be used as appropriate
(limitations and restrictions are noted in the table). The equations shown in this table for
inclination factors i,- will be considered in additional detail in Sec. 4-6.

Note that when the base is tilted, V and H are perpendicular and parallel, respectively, to
the base, compared with when it is horizontal as shown in the sketch with Table 4-5.

For a footing on a slope both the Hansen and Vesic gj factors can be used to reduce (or
increase, depending on the direction of ///) the bearing capacity using N factors as given in
Table 4-4. Section 4-9 considers an alternative method for obtaining the bearing capacity of
footings on a slope.

The Hansen equation implicitly allows any D/B and thus can be used for both shallow
(footings) and deep (piles, drilled caissons) bases. Inspection of the qNq term suggests a
great increase in qu\i with great depth. To place modest limits on this, Hansen used

B
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Step 2. Obtain bearing-capacity factors for the Hansen equation using Tables 4-1 and 4-4. Do not
compute tfipt, since- footing is square. For $ = 35° use program BEARING on your diskette and
obtain

AT, = 33 NT = 34 2 tan < £ • • • = 0.255 (also in Table 4-4)

5, = 1 + ̂  sin<f> = 1.57 *r = 1 - 0.4^ = 0.6
Lt Li

D
dq = 1 +2tan----g

= 1.11 dy = 1.10

From Table 4-1 and dropping any terms that are not used or are 1.0, we have

Substituting values (note 7 = soil above base), we see
(M = 1.1(18.10)(33)(1.57)(1.11) + 0.5(14.86)(2.5)(34X0.6)(1.0)

= 1145 + 379 = 1524 kPa
1524qa — = 762 kPa (a very large bearing pressure)

It is unlikely that this large a bearing pressure would be allowed — a possible maximum is 500 kPa
(about 10 ksf ). We might simply neglect the y,BNy term to obtain qa = 570 kPa (still large). If the
latter term is neglected, the computations are considerably simplified; and doing so has little effect
on what would normally be recommended as qa (around 500 kPa in most cases).

4-8 BEARING CAPACITY FOR FOOTINGS
ON LAYERED SOILS

It may be necessary to place footings, on stratified, deposits where the thickness of the top
stratum from the base of the footirijg d j^s less than the //^distance computed as -in Eig.4-.2 Jn
this case the rupture zone w.ill.exteji9[mtathe.lower-layer.(s) depending on their thickness arid
require some" modification of <?uit. There are three general .cases of the footing on a layered
soil as follows:

Case 1. Footing on layered clays (all <j> = 0) as in Fig._4-5cu.
a. Top laygr weaker thanjowerlayer (c <
b. Top layerstrongier than

Case 2. Footing on layered $-<: s
Case 3. T5oTmg on layered jand^nd cja -̂S^s-asJin-Ei

{'if .Sand~6verjying clay_,
b. Clay overlying sand

Experimental work to establish methods to obtain ?UH for these three cases seems.to.be
based mostly on models — often with B < 75mm. Several analytical metiiods exist as well,
and apparently "the first was that of Button (1933), who used a circular arc to search for. an
approximate minimum^ which was found (for the trial circles all in the top layer) to give
Nc = 5.5 < 2-rr as was noted in Sec. 4-2.
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(a) Footing on layered day soil For very soft Ci failure may occur
along sliding block lobe and not a circular arc and
reduce N, to a value less than 5.14.

a

\

1. B f
* 1

B x Z.

lz

9

mi

0 Layer 1
r

**' n
b Layer 2

Figure 4-5 Footings on layered soil.

The use of trial circular arcs can be readily programmed for a computer (see program B-j
on diskette) for two or three layers using su for the layers. Note that in most cases the layer su
will be detenTunedfonnj^ tests, so the circle method will give reasonably reliable results. It.
is suggested tha^ircuIaralSslbe limited to cases where the strength ratio CR = c^c\ of the
top two layers isloiTtheordeFof

~- 0.6 < CR =£ 1.3

Where CR is much out of this range there is a large difference in the shear strengths of the
two layers, and one might obtain Nc using a method given by Brown and Meyerhof (1969)
based on model tests as follows:

For CR

Nc. B + 5.14C*

For a circular base with B = diameter

Nc.r - i + 6.05C*

5.14 (for strip footing)

6.05. (for round base)

(4-5)

(4-6)
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When CR > 0.7 reduce the foregoing NCii by 10 percent.
For CR > 1 compute:

0 5B
(strip) (4-7)

•I i n

,s = 4.14+ -^p (4-7a)

r = 5.05 + (round base) (4-8)d\
= 5.05+^ (4-ga)

In the case of CR > 1 we compute both //i,,- and 7^2.i depending on whether the base is rect-
angular or round and then compute an averaged value of Nc.i as

2 <4-9)
The preceding equations give the following typical values of Wc.,-, which are used in the
bearing-capacity equations of Table 4-1 for Nc.

= 0.4 2.0

d,IB Strip Round

0.3 2.50 3.32 5.81 7.81 6.66
0.7 3.10 4.52 4.85 5.71 5.13
1.0 3.55 5.42 4.64 5.24 4.92

When the-top latyer isveryfjsoftiWith a small •rff^.rati(o,.Qneishould giveiconsideration either
to placing flj^fo0ting*deeger;>^ kind ..o.f soil improvement
meySiod. Model testslndlcate that when the top layer is very soft it tends to squeeze out from
beneath the base and when it is stiff it tends to "punch" into the lower softer layer [Meyerhof
and Brown (1967)]. This result suggests that one should check this case using the procedure
of Sec. 4:2^6iat gave the "lower-bound" solution — that is, if qa\i > 4ci + <?of Eq. (c) the soil
may squeeze from beneath the footing.

Purushothamaraj et al. (1924) claim a solution for a two-layer system with <f>-c soils and
give a number of charts_fqnVc factors; however, their values do not differ significantly from
Nc in Table!4-4j From this observation it is suggested fqrj£-c soils tO-Obtain. modified <£_and
c values'as follows:

1. Compute the depth H '•=' O.Siff janj^S +' <£/2}. using .̂ for the_togjayer.
2. If H •> ~d \ compute the modified value of <f> for use as? .

3This procedure can be extended to any number of layersjis necessary.and "weighting" may be used.
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3. Make a similar computation to obtain c'.
4. Use the bearing-capacity equation (your choice) from Table 4-1 for qu\i with <f>' and c'.

If the top layer is soft (low c and small <£) you should check for any squeezing using Eq. (c)
of Sec. 4-2.

For bases on sand overlying clay or clay overlying sand, first check if the distance H will
penetrate into the lower stratum. If H > d\ (refer to Fig. 4-5) you might estimate gult 35
follows:

1. Find 4uii based on top-stratum soil parameters using an equation from Table 4-1.
2. Assume a punching failure bounded by the base perimeter of dimensions B X L. Here

include the q contribution from d\, and compute q'alt of the lower stratum using the base
dimension B. You may increase q'a}( by a fraction k of the shear resistance on the punch
perimeter (IB + 2L) X ksu if desired.

3. Compare <juit to q'uk and use the smaller value.

In equation form the preceding steps give the controlling q'u]t as
, „ pPu K, tan <A

-f —— ~ r~Af Af (4-10)

where quu = bearing capacity of top layer from equations in Table 4-1
<?u'u = bearing capacity of lower layer computed as for qu\t but also using B =

footing dimension, q = yd\\ c, <j> of lower layer
p - total perimeter for punching [may use 2(B + L) or IT X diameter]

Pv = total vertical pressure from footing base to lower soil computed as J0 ' yh dA+
qd\

K, = lateral earth pressure coefficient, which may range from tan2 (45 ± <j>fl) or
use K0 from Eq. (2-18a)

tan <f> = coefficient of friction between PVK, and perimeter shear zone wall
pd\c = cohesion on perimeter as a force

Af - area of footing (converts perimeter shear forces to a stress)

This equation is similar to that of Valsangkar and Meyerhof (1979) and applies to all soils.
Note that there will not be many cases of a two- (or three-) layer cohesive soil with clearly

delineated strata. Usually the clay gradually transitions from a hard, overconsolidated surface
layer to a softer one; however, exceptions may be found, primarily in glacial deposits. In these
cases it is a common practice to treat the situation as a single layer with a worst-case su value.
A layer of sand overlying clay or a layer of clay overlying sand is somewhat more common,
and the stratification is usually better defined than for the two-layer clay.

A possible alternative for <£-c soils with a number of thin layers is to use average values
of c and tf> in the bearing-capacity equations of Table 4- 1 obtained as

+ c3H3 + • • • + cnHn ..__ ———————— w



tan"
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tan <£„
Zff,

where c; = cohesion in stratum of thickness //,; c may be 0
<£,• = angle of internal friction iij_stratuVn pfjhickness HI; $ may be zero

Any Hi may be multiplied by a weighting factor (1.0 is used in these equations) if desired.
The effective shear depth of interest is limited to approximately 0.5J5 tan(45° + <£/2). One or
two iterations may be required to obtain the best average $>-c values, since B is not usually
fixed until the bearing capacity is established.

One can use a slope-stability program such as that written by Bowles (19?4a) to obtain
the bearing capacity for layered soils. The program given in that reference has been modified
to allow the footing .pressure as a surcharge (program B-22). An increase in shear strength
with depth could be approximated by addition of "soils" with the same <f> and 7 properties
but increased cohesion strength. The ultimate bearing capacity is that value of q0 producing
F = 1.

Example 4-9. A footing of B
Fig. E4-9.

3 X L = 6 m is to be placed on a two-layer clay deposit as in

%«
N^i

\

Jm —————— •
• /

/
X

£?' cj = j. =
f

E
•

fS

HSkF

c, - 1. - 77 kPa
<T =0°
y- 17.26 kN/m3

•a I
1

Figure E4-9

Required. Estimate the ultimate bearing capacity.

Solution.

H = 0.5BtanU5° +

= 0.5(3)tan45 = 1.5m

1.22
= 0.4B 3

Using Eqs. (4-7), (4-6a), and (4-8), we obtain (similar to table)
NU = 5.39 NI, = 6.89
Nc = 6.05 (some larger than 5.14 that would be used for a one-layer soil)
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Also
- 0.2B „„,' = __ = 0.2

<

0-m- 0.24

Substituting values into Hansen's equation, we obtain

<?«h - cNe(l + s'c + d'c)
= 77(6.05X1 + 0.1 + 0.24) + 1.83(17.26)(1)(1)
= 624.2 + 31.5 = 655.7 kPa

Squeezing is not likely as d\ is fairly large compared to H and we are not using an Nc value much
larger than that for a one-layer soil.

Example 4-10. You are given the soil footing geometry shown in Fig. E4-10. Note that, with the
GWT on clay, it would be preferable to keep the footing in sand if possible.

J
B x L-2 x 2m J

\ a «" '\
, \

\
15" + f=62«

Sand
y- 17.25!
* = 34'

H

e
IA

II
Q

Es
Clay ». - 4/2 - 75 kPa

Figure E4-10

Required. What is ultimate bearing capacity and qa if SF = 2 for sand and 3 for clay?

Solution. We will use Hansen's method. For the sand layer, we have
_______#, = 29.4 Ny = 28.7 (using Table 4-4)

1+tan 34° - 1.67 Ho"

dq = 1 + 0.262^) = 1.2 dr = 1

Substituting into Hansen's equation and rounding the N factors (and using s„ = c = qjl
75 kPa), we may write

9ull - 1.5(17.25X29X1.67X1.2) + 0.5(17.25)(2)(29)(0.6)(1)
= 1804-> 1800 kPa
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For clay, we have

Ne = 5. 14 (using Table 4-4)

= 0 .4 tan- '=0 .4 tan->

q'^ = 5.14(75)(1 + 0.2 + 0.32) + 2.1(17.25)(1)(1)
= 622 kPa

Note: This su is common for the strength parameter for clay.
Now obtain the punching contribution. For the perimeter shear force on a strip 1 m wide, we

write

r'i
Pv = qd\ + \ yh dh (kN/m)

Jo
1.2 fO.6

Pa = 1.5(17.25X0.6) + 17.25^-
2 Jo

= 15.5 + 3.1 = 18.6 kN/m
Estimate K, = Ka = 1 - sin <£ [from Eq. (2-18a)] = 1 - sin 34° = 0.44. By inserting values

into Eq. (4-10), the revised maximum footing pressure based on the clay soil and including punching
is

, pd}c9* = 9* + ——— Tf ——— + -fj-

But cohesion is zero in sand and the perimeter is 2(2 + 2) = 8 m, so

,__ 8(18.6)(0.44) tan 34° „,._ ,,„„„q'^ = 622 + -i —— '±-^1 ———— = 633 kPa < ?ull of 1800

The maximum footing pressure is controlled by the clay layer, giving quii = 634 kPa. The allowable
footing contact soil pressure is

q = ^ = 211 (say, 200 kPa)

FOOTINGS ON ANISOTROPIC SOIL. This situation primarily occurs in cohesive soils
where th&.undrainedA'erlic^l^ejjtLJSterj^ larger) .frQraJhe..hori-
zontal shear strength $„,/,. This is a frequent occurrence in cohesive field deposits but also is
found in colSesionless .depasitsJ To account for this situation .($_.=. 0), Davis and Christian
(1971) suggest the following:

When you measure both vertical and horizontal shear strength (c = su), compute the bear-
ing capacity as
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When you only have su,u, compute the bearing capacity as
^uit = Q.Z5su,vNc + q'

In these two equations take Nc = 5. 14 (Hansen's value). You may include Hansen's s,, <f.(
and other factors at your own discretion, but they were not included by Davis and Christian
(1971).

4-9 BEARING CAPACITY OF FOOTINGS ON SLOPES
A special problem that may be encountered occasionally is that of a footing located on or
adjacent to a slope (Fig. 4-6). From the figures it can be seen that the lack of soil on the slope
side of the footing will tend to reduce the stability of the footing.

The author developed Table 4-7 using program B-2 on your diskette to solve the footing
on or adjacent to a slope as follows:

1. Develop the exit point £ for a footing as shown in Fig. 4-6. The angle of the exit is taken
as 45° - <f>/2 since the slope line is a principal plane.

2. Compute a reduced Nc based on the failure surface ode = LO of Fig. 4-3 and the failure
surface adE = L\ of Fig. 4-6a to obtain

3. Compute a reduced Nq based on the ratio of area ecfg (call it A0) of Fig. 4-3 to the equiv-
alent area Efg = A^ of Fig. 4-6a, or the alternative Efgh = AQ of Fig. 4-6fc, to obtain the
following:

Figure 4-6 Footings on or adjacent to a slope.
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M. Adams Equipment Stock Number 6088 http^/www adamsequipmentconVpichtnil/6088-1 .htm

M. Adams Equipment Co.
2104 N. Central Ave.
Rockford, 1L61107

815-968-0818

Picture 1 of Stock Number 6088

JOHN DEERE 762 11 YARD ELEVATING MOTOR SCRAPER, 175 H.P.
DIESEL, CANOPY, 65% CHAINS & FLIGHTS, POWERSHIFT
TRANSMISSION, 60% 23.5 X 25 TIRES, GOOD CONDITION,
APPROXIMATE WEIGHT 34.300 LBS.. 002500T SERIES

Rockford $26,000.00

bi| .( // 27 x 9 o

Comments and questions to:

•=- k |0 60

EMail SalesglAdamsEquiDment.com

L o

l o f l 10^/029:16 AM
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Site Plan Showing Cover and Waste Elevations
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APPENDIX F
WDI SUPERFUND SITE

SLOPE STABILITY CALCULATION

F . 4 . 1 I N T R O D U C T I O N
Calculations were performed to evaluate static and seismic slope stability
for the existing slope at the northeast boundary of the WDI site, adjacent
to the high school, in Santa Fe Springs. This calculation was performed
using recent direct shear data from Keantan Laboratories and past direct
shear data as summarized on Figures 3.4.a, 3.4.b and 6.8, and recent
unconsolidated undrained (UU) strength data for the bentonite
summarized on Figure 3.3. These analyses were based on California
standard of practice for landfills.

F.4.2 B A C K G R O U N D
In 1998, grading work was performed at the site and detailed in
"Technical Memo No. 11-Reservoir Area Grading Plans and Waste/Debris
Management As-Built Report, Waste Disposal Inc. Superfund Site" (TRC,
December 1998). The existing slope has been stable since grading work
in 1998 without any documented failures, with the exception of some
minor erosion. As shown on Figure 6.5, little has changed on the slope
topography since the original site survey in 1988. There was no
documentation of slope failure following the 1987 Whittier Narrows
Earthquake, where the epicenter was relatively close to this site.

F . 4 . 3 M E T H O D S O F A N A L Y S E S
As required for California landfills, slopes are to have a calculated factor-
of-safety of at least 1.50 for static conditions, and manageable
displacements during a Maximum Credible Earthquake (MCE) for the site.
Static slope stability analyses were performed using the PCSTABL5M
software, based on the Bishops circular failure method searching for the
lowest factor of safety for a given section. In addition, pseudo-static
calculations were performed using PCSTABL5M to estimate yield
acceleration, defined as the horizontal acceleration input creating a slope
stability factor-of-safety of 1.00, for use in dynamic displacement
calculation.

__..___JTASSOCIATES
Envkonmerttal/6eotechnlcal/Englneering Services___________________________________________Page 1 Of 5
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MCE peak horizontal ground acceleration (PHGA) for this site has been
probabilistically determined to be 0.7g using the probabilistic seismic
hazard analyses (PSHA) software FRISKSP (licensed to Lowney
Associates) based on the California Geological Surveys fault files for
Southern California. Slope displacement during a MCE PHGA was
estimated using both Bray and Rathje (1998) and Newmark (USGS OFR
02-201, Java program for Using Newmark's Method to Model Slope
performance During Earthquakes, Version 1.0, by Jibson) methods and
software.

These calculation are attached in this appendix as follows:

PCSTABL5M input and output for both static and yield acceleration
analyses, and

Bray and Rathje (1998) Displacement Calculation Spreadsheets

F . 4 . 4 K E Y A S S U M P T I O N
The following key assumptions were made as part of our calculations:

The slope stability section depicted on Figure 6.6 was used to
calculate both static and pseudo-static slope stability using lower
bound ultimate shear strength depicted on Figure 6.8.

Friction angle and cohesion of the cover and native material were
assumed to be homogeneous and isotropic ultimate strengths of 31
degree and 200 pounds-per-square feet (psf), respectively.

Homogeneous and isotropic undrained shear strength of bentonite
waste used for these analyses was assumed to be 500 psf (3.47
pounds-per-square-inch), which is lower than all of the undrained
(UU) shear strength results depicted on Figure 3.3 except for one.
The sample at a depth of 15 feet in boring G-08, far from the slope,
contained within the reservoir, and below the toe-of-slope had the
lowest UU strength at 1.6 psi (or 230 psf). In the boring log, this
material was described as black liquid with a strong petroleum odor.

Slope displacement was calculated at an MCE PHGA of 0.7g.

F . 4 . 5 C O N C L U S I O N
Static slope stability and yield acceleration was calculated using Bishop
Circular method as shown in the attached calculations. Displacement was

lOWMBTASSOCIATES
Envlronmentol/Geotechnical/Englneerlng Services___________________________________________P3QC 2 Of 5
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calculated using both Newmark's and Bray and Rathje's (1998) methods,
as shown in the attached spreadsheet and output. Results of these
analyses are summarized in Tables 5.4.1 and 5.4.2, below. A static
factor-of-safety of 3.06 was calculated, well in excess of the required 1.50.
Further, estimate slope displacement from both methods was less-than
0.3 inch (less-than a centimeter).

Table 5.4.1. Results of Slope Stability Analysis
Undrained Shear Analysis Factor of Yield

Strength of Waste (psf) Method Safety Acceleration (g)

500 Bishop Circular
Search 3.06 0.49

Table 5.4 2. Results of Slope Stability Analysis

Yield
Acceleration (g)

Newmark Method
Displacement (inches)

.. .. Standardan M e d i a n ' _.Deviation

Bray (1998) Method
Displacement (inches)

0.49 0.28 0.20 0.30 0.22

fASSOCIATES
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STABL5M SLOPE STABILITY ANALYSES
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PROFIL A:16518AF.DAT PCSTABL Version 5M
WDI SUPERFUND SITE STATIC ANALYSIS with Su=500psf At G-12 Boring near
Cross-Section C-C'
11 6
0. 150. 10. 150. 3
10. 150. 36.1 159. 3
36.1 159. 60. 167.4 1
60. 167.4 65. 168.4 1
65. 168.4 70. 167.5 1
70. 167.5 150. 167.5 1
36.1 159. 61. 159. 3
61. 159. 150. 159. 2
36.1 159. 61. 159. 3
61. 159. 74. 146. 3
74. 146. 150. 146. 3
SOIL Fill Waste Native
3
124. 124. 200. 31. 0. 0. 0
124. 124. 500. 0. 0. 0. 0
124. 124. 200. 31. 0. 0. 0
CIRCL2-Bishop circular, search.
10 10
0. 30. 60. 150. 0. 4. 0. 0.



** PCSTABL5 **

by
Purdue University



--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

11-04-02
1:llpm
Tae Kuk Kirn
A:16518AF.DAT
A:16518AF.OUT
A:16518AF.PLT

PROBLEM DESCRIPTION WDI SUPERFUND SITE STATIC ANALYSIS with
Su=500 psf

At G-12 Boring near Cross-Section C-C'

BOUNDARY COORDINATES

6 Top Boundaries
11 Total Boundaries

Type

End

Boundary

No.

X-Left

(ft)

Y-Left

(ft)

X-Right

(ft)

Y-Right

(ft)

Soil

Below

1
2
3
4
5
6
7
8
9

10
11

0.00
10.00
36.10
60.00
65.00
70.00
36.10
61.00
36.10
61.00
74.00

150.00
150.00
159.00
167.40
168.40
167.50
159.00
159.00
159.00
159.00
146.00

10.00
36.10
60.00
65.00
70.00
150.00
61.00
150.00
61.00
74.00
150.00

150.00
159.00
167.40
168.40
167.50
167.50
159.00
159.00
159.00
146.00
146.00

3
3
1
1
1
1
3
2
3
3
3



ISOTROPIC SOIL PARAMETERS

3 Type(s) of Soil

Piez.
Type

Surface
No.

No.

0

0

0

1

2

3

Unit Wt.

(pcf)

124

124

124

.0

.0

.0

Unit Wt.

(pcf)

124

124

124

.0

.0

.0

Intercept

(psf)

200

500

200

.0

.0

.0

Angle

(deg)

31

0

31

.0

.0

.0

Pressure Consta

Param. (psf

0.

0.

0.

00

00

00

0

0

0

.0

.0

.0



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

100 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 10 Points Equally Spaced
Along The Ground Surface Between X = 0.00 ft.

and X = 30.00 ft.

Each Surface Terminates Between X = 60.00 ft.
and X = 150.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00 ft.

4.00 ft. Line Segments Define Each Trial Failure Surface.



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* Safety Factors Are Calculated By The Modified Bishop Method

Failure Surface Specified By 19 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

Circle Center At X = 24.6 ; Y = 220.6 and Radius, 72,1

3.055

Failure Surface Specified By 19 Coordinate Points

10.00
13.94
17.91
21.90
25.90
29.90
33.88
37.83
41.74
45.59
49.39
53.10
56.73
60.26
63.68
66.97
70.14
73.17
73.31

150.00
149.30
148.82
148.56
148.52
148.71
149.12
149.74
150.59
151.65
152.92
154.40
156.09
157.97
160.05
162.31
164 .75
167.37
167.50

Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(ft)

Y-Surf
(ft)

3.33
7.26
11.22
15.21
19.21
23.20
27.18
31.13
35.04
38.89
42.67

150.00
149.22
148.68
148.37
148.29
148.45
148.85
149.48
150.35
151.44
152.75



12
13
14
15
16
17
18
19

Circle Center At X = 18.5 ; Y = 216.1 and Radius, 67.8

*** 3.063 ***

46.36
49.95
53.44
56.80
60.04
63.12
66.05
66.39

154.29
156.04
158.01
160.17
162.53
165.07
167.79
168.15



Failure Surface Specified By 21 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

Circle Center At X = 31.4 ; Y = 192.3 and Radius, 49.0

3.183

Failure Surface Specified By 21 Coordinate Points

6
10
13
17
21
25
29
33
37
41
45
49
52
56
59
62
65
68
70
73
73

.67

.20

.88

.67

.55

.50

.48

.48

.47

.42

.30

.08

.75

.28

.64

.81

.77

.51

.99

.22

.63

150.
148.
146.
145.
144.
143.
143.
143.
143.
144.
145.
146.
148.
150.
152.
154.
157.
160.
163.
166.
167.

00
13
55
27
31
67
35
36
69
35
32
62
21
10
27
70
39
31
44
77
50

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Surf
(ft)

Y-Surf
(ft)

0.00
3.94
7.91

11.90
15.89
19.89
23.89
27.87
31.84
35.78
39.69
43.56
47.39
51.16
54.86
58.51
62.08
65.56
68.97

150.00
149.32
148.81
148.47
148.30
148.30
148.47
148.82
149.33
150.00
150.85
151.86
153.04
154.38
155.87
157.53
159.33
161.29
163.40



20 72.27 165.64
21 74.77 167.50

Circle Center At X = 17.9 ; Y = 242.2 and Radius, 93.9

3.223



Failure Surface Specified By 21 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

Circle Center At X = 32.5 ; Y = 194.0 and Radius, 51.0

3.229

Failure Surface Specified By 21 Coordinate Points

6.67
10.19
13.86
17.64
21.51
2 5 . 4 5
2 9 . 4 3
33.43
3 7 . 4 2
41.38
4 5 . 2 9
49.12
52.85
56 .45
59.90
63.19
66.28
69.17
71.84
7 4 . 2 6
76 .03

150.00
148.11
146.51
145.20
144.19
143.48
143.09
143.01
143.24
143.78
1 4 4 . 6 4
145.79
147.25
148.99
151.00
153.28
155.82
158.58
161.57
164.75
167.50

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

X-Surf
(ft)

Y-Surf
(ft)

10.00
13.77
17.61
21.52
2 5 . 4 7
2 9 . 4 5
33.45
3 7 . 4 4
41.43
45.38
49 .30
53.15
56.93
60.62
64.21
67 .68
71.02
74 .23
77 .28

150.00
148.66
147.55
146.68
146.05
145.67
145.53
145.64
145.99
146.59
147.43
148.50
149.82
151.36
153.13
155.11
157.30
159.70
162.28



20 80.17 165.05
21 82.42 167.50

Circle Center At X = 33.7 ; Y = 210.6 and Radius, 65.1

3.244



Failure Surface Specified By 18 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Circle Center At X = 35.1 ; Y = 203.5 and Radius, 54.4

3.252

Failure Surface Specified By 13 Coordinate Points

16.67
20.48
24.37
28.31
32.30
36.30
40.29
44.25
48.17
52.02
55.77
59.41
62.93
66.29
69.48
72.49
75.29
75. 92

152.30
151.08
150.14
149.49
149.14
149.08
149.31
149.83
150.65
151.75
153.13
154.78
156.69
158.86
161.27
163.91
166.76
167.50

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

Circle Center At X = 33.4 ; Y = 197.5 and Radius, 44.1

23.33
27.26
31.25
35.25
39.23
43.17
47.03
50.77
54.37
57.81
61.04
64.04
66.30

154.60
153.86
153.48
153.46
153.81
154.51
155.57
156.98
158.71
160.77
163.13
165.77
168.17

3.267



Failure Surface Specified By 14 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Circle Center At X = 27.5 ; Y = 208.2 and Radius, 55.2

3.278

Failure Surface Specified By 25 Coordinate Points

20 .00
23.98
27.98
31.98
35.95
39.88
4 3 . 7 4
4 7 . 5 2
51.19
5 4 . 7 4
58.14
61.38
6 4 . 4 5
65.62

153.45
153.05
152.94
153.13
153.60
154.35
155.39
156.71
158.30
160.14
162.24
164.58
167.15
168.29

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

X-Surf
(ft)

Y-Surf
(ft)

0.00
3.81
7.66

11.56
15.50
19.47
23.45
27.45
31.45
35.45
39.43
43.38
47.31
51.20
55.04
58.83
62.55
66.21
69.78
73.27
76.67
79.96
83.15
86.22
87.20

150.00
148.77
147.71
146.83
146.12
145.60
145.27
145. 11
145.14
145.35
145.74
146.32
147.08
148.01
149.13
150.41
151.87
153.50
155.30
157.25
159.37
161.63
164.05
166.61
167.50



Circle Center At X = 28.8 ; Y = 232.4 and Radius, 87.3

'* 3.302 ***



A

0.00 37.05 74.10 111.15 148.19
185.24

X 0.00 +———————+———————+—————— —+———————*———————+
. .2

..317
...3178
. . . .318..

37.05 + .....3128*
.....3618.
.....53129.
.......33129.
....... .33*2*
....... .0331*

A 74.10 + ......*. .6651
...........66
.......... .0

X 111.15 +

148.19 +

S 185.24 +

222.29 +

F 259.34 +

T 296.39 +



** PCSTABL5 **

by
Purdue University



—Slope Stability Analysis—
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

11-04-02
l:23pm
Tae Kuk Kirn
A:16518G.DAT
A:16518G.OUT
A:16518G.PLT

PROBLEM DESCRIPTION
ANALYSIS Su=500 psf

WDI SUPERFUND SITE YIELD ACCELERATION

At G-12 Boring near Cross-Section C-C'

BOUNDARY COORDINATES

6 Top Boundaries
11 Total Boundaries

Type

End

Boundary

No.

1
2
3
4
5
6
7
8
9

10
11

X-Left

(ft)

0.00
10.00
36.10
60.00
65.00
70.00
36.10
61.00
36.10
61.00
74.00

Y-Left

(ft)

150.00
150.00
159.00
167.40
168.40
167.50
159.00
159.00
159.00
159.00
146.00

X-Right

(ft)

10.00
36.10
60.00
65.00
70.00
90.00
61.00
90.00
61.00
74.00
90.00

Y-Right

(ft)

150.00
159.00
167.40
168.40
167.50
167.50
159.00
159.00
159.00
146.00
146.00

Soil

Below

3
3
1
1
1
1
3
2
3
3
3



ISOTROPIC SOIL PARAMETERS

3 Type(s) of Soil

Piez.

Surface

No.

0

0

0

Type

No.

1

2

3

Unit Wt.

(pcf)

124.0

124.0

124.0

Unit Wt.

(pcf)

124.0

124.0

124.0

Intercept

(psf)

200.0

500.0

200.0

Angle

(cleg)

31.0

0.0

31.0

Pressure C

Param.

0.00

0.00

0.00

'onstan

(psf)

0.0

0.0

0.0

A Horizontal Earthquake Loading Coefficient
OfO.490 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of0.000 Has Been Assigned

Cavitation Pressure = 0.0 psf



A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

100 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 10 Points Equally Spaced
Along The Ground Surface Between X = 0.00 ft.

and X = 20.00 ft.

Each Surface Terminates Between X = 60.00 ft.
and X = 90.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 0.00 ft.

4.00 ft. Line Segments Define Each Trial Failure Surface.



Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* Safety Factors Are Calculated By The Modified Bishop Method

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Circle Center At X = 26.7 ; Y = 254.5 and Radius, 107.4

1.047

Failure Surface Specified By 24 Coordinate Points

2 .22
6.13

10.07
14.03
18.01
22.01
26.01
30.01
34.00
37.99
41.96
45 .90
4 9 . 8 3
53.72
57.57
61.38
65.14
68.85
72.50
76 .08
79 .60
83.05
86 .41
8 9 . 6 2

150.00
149.16
148.46
147 .92
147.52
147.27
147.16
147.21
147.41
147.75
148.25
148.89
149.67
150.60
151.68
152.90
154.26
155.76
157.40
159.17
161.07
163.11
165.27
167.50

Point
No.

1
2
3
4
5
6

X-Surf
(ft)

4.44
8.30
12.19
16.13
20.09
24.08

Y-Surf
(ft)

150.00
148.92
148.02
147.30
146.76
146.41



28.07
32.07
36.07
40.05
44.01
47.94
51.84
55.69
59.48
63.22
66.88
70.47
73.97
77.38
80.69
83.89
86.98
87.13

146
146
146
146
147
148
149
150
151
152
154
156
158
160
162
164
167
167

.23

.24

.43

.80

.35

.09

.00

.09

.35

.79

.40

.17

.10

.19

.44

.83

.37

.50

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Circle Center At X = 29.9 ; Y = 233.7 and Radius, 87.5

1.053



Failure Surface Specified By 22 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 6.67 150.00
2 10.52 148.93
3 14.42 148.05
4 18.37 147.37
5 22.34 146.90
6 26.33 146.63
7 30.33 146.56
8 34.33 146.70
9 38.31 147.04

10 42.27 147.58
11 46.20 148.33
12 50.09 149.27
13 53.92 150.42
14 57.69 151.75
15 61.39 153.28
16 65.01 154.99
17 68.53 156.89
18 71.95 158.96
19 75.26 161.21
20 78.45 163.62
21 81.52 166.19
22 82.93 167.50

Circle Center At X = 29.6 ; Y = 224.9 and Radius, 78.4

*** 1.061 ***

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 4.44 150.00
2 8.19 148.60
3 12.01 147.41
4 15.88 146.41
5 19.80 145.61
6 23.76 145.02
7 27.74 144.63
8 31.74 144.45
9 35.74 144.48
10 39.73 144.72
11 43.70 145.16
12 47.65 145.81
13 51.56 146.67
14 55.42 147.72
15 59.22 148.98
16 62.94 150.43
17 66.59 152.07
18 70.15 153.90



19
20
21
22
23
24

Circle Center At X = 33.2 ; Y = 221.4 and Radius, 77.0

*** 1.070 *.**

73.61
76.95
80.18
83.29
86 .26
88.09

155.91
158.10
160.45
162.98
165.66
167.50



Failure Surface Specified By 22 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

13.33
17.12
20.97
24.87
28.82
32.80
36.80
40.80
44.79
48.76
52.69
56.58
60.41
64.17
67.84
71.42
74.89
78.24
81.46
84.54
87.47
88.11

151.15
149.85
148.77
147.91
147.27
146.85
146.66
146.70
146.97
147.46
148.18
149.12
150.27
151.65
153.23
155.02
157.01
159.19
161.57
164.11
166.84
167.50

Circle Center At X = 38.1 Y = 217.1 and Radius, 70.5

1.088

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

X-Surf
(ft)

Y-Surf
(ft)

8.89
12.60
16.38
20.24
24.15
28.10
32.08
36.07
40.07
4 4 . 0 6
48.03
51.96
55.84
59.66
63.41
67.07
7 0 . 6 4
7 4 . 0 9

150.00
148.50
147.21
146.14
145.29
144.66
144 .26
144 .09
144.15
1 4 4 . 4 3
144.95
145.68
146.64
147.83
149.22
150.83
152.65
154.66



19
20
21
22
23
24

Circle Center At X = 37.1 ; Y = 214.2 and Radius, 70.1

1.090

77.43
80.63
83.69
86.60
89.35
89.35

156.87
159.27
161.84
164.59
167.49
167.50



Failure Surface Specified By 22 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Circle Center At X = 23.2 ; Y = 218.7 and Radius, 72.5

1.092

Failure Surface Specified By 23 Coordinate Points

0.00
3.82
7.71

11.64
15.60
19.59
23.59
27.58
31.57
35.53
39.45
43.32
47.13
50.87
54.53
58.09
61.54
64 .88
68.09
71.16
74 .09
74.57

150.00
148.82
147.86
147.11
146.58
146.27
146.18
146.31
146.66
147.23
148.02
149.02
150.23
151.65
153.28
155.11
157.12
159.33
161.72
164.28
167.00
167.50

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

X-Surf
(ft)

Y-Surf
(ft)

8.89
12.59
16.37
20.22
24.12
28.08
32.06
36.05
40.05
44.04
48.00
51.92
55.79
59.60
63.32
66.95
70.48
73.88

150.00
148.47
147.16
146.08
145.23
144.60
144.22
144.06
144.14
144.46
145.01
145.80
146.81
148.05
149.51
151.19
153.08
155.18



19
20
21
22
23

Circle Center At X = 36.7 ; Y = 211.9 and Radius, 67.9

*** 1.096 ***

77.16
80.30
83.29
86.11
87.94

157.47
159.95
162.61
165.44
167.50



Failure Surface Specified By 20 Coordinate Points

X-Surf
(ft)

Y-Surf
(ft)

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Circle Center At X = 32.9 ; Y = 261.0 and Radius, 109.4

1.097

Failure Surface Specified By 21 Coordinate Points

17.78
21.75
25 .74
29 .73
33.73
37.73
41.72
45 .70
4 9 . 6 7
53.61
57.52
61 .40
65.24
6 9 . 0 4
7 2 . 7 9
7 6 . 4 9
80.13
83.70
87.21
8 9 . 6 3

152.68
152.20
151.87
151.68
151.63
151.74
151.99
152.38
152.92
153.61
1 5 4 . 4 4
155.41
156.52
157.77
159.16
160.69
162.35
164.14
166.06
167.50

Point
No.

1
2
3
4
5

9
10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

Y-Surf
(ft)

0.00
3.81
7.68

11.60
15.56
19.54
23.54
27 .54
31.52
35.48
39.39
43.25
47 .05
50.76
54.38
57.90
61.30
64 .58
67.71
70 .70

150.00
148.77
147.75
146.97
146.41
146.08
145.98
146.11
146.48
147.07
147.90
148.94
150.21
151.70
153.39
155.30
157.40
159.70
162.18
164.84



21 73.35 167.50

Circle Center At X = 23.2 ; Y = 215.1 and Radius, 69.1

*** 1.098 ***



A

0.00 37.05 74.10 111.15 148.19
185.24

X 0.00 +——————— + ——————— +——————— +——————— *
. .1
. .*5

. .419
. . .419.
...219.

37.05 + . . .419.*
. . .419..
...417. . .
. . .417. . .
. . .417*.*
...4177*

A 74.10 + *..1137
..6113

. .21

111.15 +

I 148.19 +

S 185.24 +

222.29 +

F 259.34 +

T 296.39 +



ATTACHMENT B
DISPLACEMENT CALCULATION SPREADSHEETS
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ESTIMATION OF PERMANENT SEISMIC DISPLACEMENT USING THE BRAY AND RATHJE (1998) PROCEDURE.

INPUT PARAMETERS:

Yield Acceleration, ky (g):
Vertical Thickness, h (m):
Shear Wave Vel., Vs (m/s):
Earthquake Magnitude, M:
Earthquake Accel., Rock (g):
Earthquake Distance, r (km):

CALCULATIONS:

Site Period (s):
NRF Factor:
Mean Period (s):
Duration, D05-95 (s):
TsfTm:
MHEA/MHA*NRF:
MHEA, kmax:
ky/kmax:
Normalized Disp. (cm/sec):

Estimated Displacement (cm):
Estimated Displacement (in):

0.49
4.5
300
6.92
0.7

0.060
0.813
0.505
13.025
0.1189

1.000
0.5692
0.8609
0.0753

0.558
0.220

Normalized MHEA Sigma:
Mean Period Sigma:
Significant Duration Sigma:
Normalized Displacement Sigma:

Allowable screen displacement (cm):

(Input values marked with asterisks are used
for calculation of seismic coefficient for screen)

Median f,q for Screen Procedure:
Seismic Coefficient for Screen Procedure:



APPENDIX F.5

LIQUEFACTION ANALYSES

rue
Customer-Focused Solutions



APPENDIX F
WDI SUPERFUND SITE

LIQUEFACTION EVALUATION

F.5 .1 I N T R O D U C T I O N
An evaluation was performed to assess the potential for liquefaction at the
WDI site in Santa Fe Springs, California. This evaluation was performed
using primarily Standard Penetration Test (SPT) N-values (blow counts)
obtained from 108 boring drilled in and around the site in September and
October 1988 by Ebasco Services, Inc.

F.5.2 B A C K G R O U N D
Liquefaction analyses have been performed based on methods developed
by Seed and Idriss and others, most recently updated as the Southern
California standard of practice in the Recommended Procedures for
Implementation of DMG Special Publication 117, Guidelines for Analyses
and Mitigation of Liquefaction In California, March 1999, by the Southern
California Earthquake Center (SCEC). The updated liquefaction chart
(cyclic stress ratio vs. N-value) is reproduced on Figure 6.1 (color).

Shallowest ground water elevations for the site were developed by the
California Geologic Survey (CGS), as documented on Plate 1.2 from the
CGS Seismic Hazard Evaluation of the Whittier 7.5-Minute
Quadrangle...(CGS/CDMG OFR 98-28), reproduced on Figure 6.2. As
depicted on Figure 6.2, shallowest historic ground water was 20 to 30 feet
below grade. A considerable amount of SPT N-values have been obtain in
and around the site, as reported by Ebasco Services, Inc., in their May
1989 report. A summary of their reported N-values outside of the
reservoir is presented on Figure 6.3.

F.5.3 KEY A S S U M P T I O N
v As shown on Figure 6.2, shallowest historic ground water for this

site was 20 to 30 feet below existing grade. Therefore,
liquefaction can be ruled out in the upper 20 feet because these
soils would not be saturated.

v Bentonite waste is a cohesive material, not susceptible to
liquefaction.

WWNEVASSOCIATES
Env»onmental/GBotectviical/Engineerlng Services________________________________________________PSQG 1 Of 2
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T As shown on Figure 6.4, dense sands with N-values x30 will not
liquefy, regardless of the ground shaking magnitude and duration.

T Based on numerous N-values obtained in deeper soils in and
around the site in 1988, at depths greater than 20 feet, excluding
bentonite waste, site sands had N-values well in excess of 30.

F . 5 . 4 C O N C L U S I O N
Liquefaction is not anticipated at this site due to the high N-values (and
density) of the potentially submerged sands at this site, as demonstrated
on Figure 6.4. Lower blow counts were obtained in bentonite above the
historically shallowest ground water level, but bentonite and un-
submerged sands will not liquefy. This is consistent with the findings
depicted on the CGS March 25, 1999 Seismic Hazard Zones Official Map of
the Whittier Quadrangle (Figure 6.1), which depicts the site as being
outside of a potential liquefaction hazard zone.

UJWNErASSQCIATES
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CERTIFICATION

FINAL DESIGN REPORT (REVISION 1.0)
SOILS, SUBSURFACE GAS, AND GROUND WATER

REMEDIAL DESIGN

WASTE DISPOSAL, INC. SUPERFUND SITE
SANTA FE SPRINGS, CALIFORNIA

This Drawing for the Waste Disposal, Inc., Superfund Site was prepared by TRC on behalf of the
Waste Disposal, Inc. Group (WDIG) in a manner consistent with the level of care and skill
ordinarily exercised by professional engineers. This report was prepared under the technical
direction of the undersigned, a California Registered Civil Engineer.

Executed at Irvine, California this °^ * day of March 2003.

Signature Signature
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Kenneth J. Floom, P.E.

Registration No. C042099
[an P.O. Hutchison, PhD., P.E.

Registration No. C039319
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^-2 ĵ i; ..f.i.\ ' • ,

\ \ xf ' ' 1..'; ! I '•; i S *a&M(XnSHMl.aEnt0WB)FGItltCCAf»CIVWMGE
'"•-AJ. j.' :Jr' J • TBBP<COUEC110«IP»<EAMi««»IOFB^gY10aPffiT.

:̂ !J\!m;!,.^."l^U ^
î lNf^ -•! :;u:v i^j^l ,%|

6. CONSBtUCT(MMCIgret»Pl»»TCMAtXOt«NGTOtlg

If ^ -H -v >. :"\
n ' /\f ^ "d:̂' ' ''-f^^' •»•-—-:. ^.iw^^f'-O-. •,, ,- , ... ,,, , ,.x, ^. 5,..,, / ; I ( : v • u^«f««src t / ; . . . . . . . , -• i .. .. •, .^"r!: .; .-, 1: , -I : />iAj '• ^ ,—— \~--~

•--'-•\- ' • / • • • • -?•• V^-'^V-x :--/-.,. y f/^S^,'i— i * p ' • • J ' r : J i ! | ;>™^!-a-T
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APPENDIX H

DESIGN CALCULATIONS
H. 1 Hydrology and Storm Drain Hydraulics
H.2 Gas Flow Capacity
H.3 Blower Noise Level Analysis
H.4 Soil Loss Calculation
H.5 Cover Infiltration Analysis
H.6 Contingency Foundation Design (Geogrid Foundation)
H.7 Asphalt Structural Section Design
H.8 Concrete Structural Section Design
H.9 Flow Capacity of Geocomposite Drain Layer
H.10 Pipe Size Calculation for Drain Layer Outlet
H. 11 Perforated Pipe Capacity
H.I2 WDI Statistical Analysis of Soil Data
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SUBJECT INDEX:

Discussion

Proposed Hydrology (1OO year storm)

Proposed Hydraulics (100 year storm)
Berm Sizing Calculations

Inlet Basin Sizing

Hydrology Map

C:\DOCUMENTS AND SETTINGS\TPATTERSON\MY DOCUMENTS\PROJECTS\3O747_WDI\DESIGN REPTMHYDROLOGY CALC WRITEUP.DOC



DISCUSSION

Project Description

The waste disposal Inc. site is located on the corner of Greenleaf Avenue
and Los Nietos Road in the City of Santa Fe Springs, California. The site is a
superfund site that contains a 42 million gallon concrete reservoir that had
been filled with crude petroleum, wastes, and solid fill material. The
reservoir was closed in 1964 and has been filled over with clean soil ranging
from 5 to 15 feet in height.

The final remedy for this site includes general site grading to enhance the
storm water runoff of the site.

Purpose

The purpose of this study is to compute the peak storm water runoff due to
a 100-year storm event for the proposed condition and provide hydrology
design information required for Los Angeles County Department of Public
Works (LACDPW) to approve before connecting the projects storm drain
system to the County storm drain facility. The existing hydrology was not
analyzed due to the proposed grading being designed to maintain the same
drainage patterns and boundaries as the existing condition.

The proposed flows from the hydrology study were used to size the
proposed earthen berms and drainage piping that will be used on the site to
convey the storm water runoff to specific discharge locations. There have
been no changes to location of these specific discharge points between the
existing and proposed conditions. The proposed flows were also used to
check the capacity of the existing berms and ditches onsite.

Design Aids

LACDWP Small Area Method (LACDPW Hydrology Manual, December 1991;
see Attachment) was used to calculate the 50-year storm runoff for the each
of the drainage area hydrology calculations. The spreadsheet program
provided by LACDPW through the internet was used with site specific data.
As noted in the Manual, the small area method tends to calculate peak flow
rates higher than those that would be calculated using, for example, the
Rational Method.

Since the LACDPW spreadsheet program calculates the 50-year storm
runoff only. Orange County's Rational Method program was used to
calculate a relationship between the peak flow of 1OO year and 5O year
storms. The calculated relationship was then applied to the 50-year peak
runoff to determine the 10O-year peak runoff as shown in Table #1.

LACDWP data was also used to determine the 1OO year 24-hour storm
intensity (LACDPW Rainfall Frequency Analysis Report; April 1997). The
1OO year 24 hour storm for the area is 5.4 inches.

Flow Master by Haestad Methods, Inc. was used for the hydraulic
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calculations of the 15" pvc pipe. HELE1 by Advanced Engineering Software
was used to calculate the berm sizes.

Results

The results of the 1OO-year stormwater runoff volumes are presented in
Table 1 and in the attached hydrology map.

The results of the hydraulic calculations for 15" PVC pipe to convey runoff
from Area J out to the stormdrain on Greenleaf Avenue indicates that such a
pipe would be only 85% full under the 1OO year condition. However, a 16"
pipe was selected to avoid the need to manufacture custom pipe.

The HELE1 software indicates that a 1.5 ft high berm is okay with a safety
factor of 2 (i.e., flow depth is less than O.75 ft from each of the areas
requiring a bermed ditch.
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HYDROLOGY MANUAL

^PUBLIC WORKS
-o

Hydraulic/Water Conservation Division
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4. RUNOFF CALCULATION METHODS

A. SELECTING THE PROPER METHOD

The Department uses two basic methods for converting rainfall to runoff, depending on the
conditions. There are also three simplified versions of one of the basic methods. Some of
these methods are available as software for use on a personal computer. See Section 6 for
which programs are available for purchase. Choose a runoffmethod based on the following
tables:

BASIC METHODS

Modified Rational

Mountain Hydrology

USAGE

For any size watershed; for any combination of laterals; for any combina-
tion of developed and undeveloped drainage areas; to create a hydrograph
at any location and find the volume of runoff; to find peak subarea flow
rates as well as peak mainline flow rates; recommended method for sys-
tems incorporating pumping or water impoundment.

For gaged, mountainous, undeveloped watersheds only; for watersheds
with at least one raingage that records representative storms; for the PMP
or 50- Year Frequency Design Storms; to find volume of runoff for sizing
reservoirs.

There are three simplified versions of the Modified Rational Method:

SIMPLIFIED METHODS USAGE

Rational For drainage areas less than 100 acres only; to find the peak flow
rate only; to find peak flow rates within a subarea; for any Depart-
ment design storm; for developed and undeveloped watersheds; as
a computerized option for finding times of concentration; does not
create a hydrograph; does not find volume of runoff.________

Small Developed Drainage
Areas

For drainage areas less than 10 acres only; to find the peak flow in
the mainline only; for the 10-year, 25-year, and 50-year design
storms only; for developed watersheds only; does not create a
hydrograph; does not find volume of runoff; tends to create peak
flow rates higher than those from either Modified Rational or
Rational methods

Urban Flood Q Equation For any size watershed; to find the total peak flow for a combined
drain and street urban system; for the 25-year design storm only;
for developed watersheds only; does not create a hydrograph; does
not find volume of runoff; for use with the hand calculation ver-
sions of the Modified Rational and Rational Methods.

Hydrology Manual 4- 1 December 1991



D. SMALL DEVELOPED DRAINAGE AREA METHOD

D-l. Application

This method is a further simplification of the Modified Rational Method, applicable only
to developed areas with total drainage areas of 10 acres or less. Runoffcoefficients are
generalized into two categories, Group A and Group B, and the rainfall zones are I, J,
K, L, and M. The rainfall frequencies are limited to the Department's 50-Year, 25-Year,
and 10-Year Frequency Design Storms.

The peak flow rate developed from this method tends to be larger than the flow rate
developed from the Modified Rational or Rational Method for the same area. Also, this
method does not produce a hydrograph. You may therefore prefer to use one of the
other methods; however, this method is a much simpler procedure for finding peak
runoff rates when the private engineer does not need to use the other, more detailed,
methods.

D-2. Developing Input Data for the Small Developed Area Method

Use the following procedure for developing the input data for calculating peak Q's with
the Small Developed Area Method:

(1) Outline the drainage area boundaries on a scaled topographic map and measure the
area in acres.

(2) Determine the predominant soil type and the rainfall zone for the area from the
maps in Appendix A.

(3) Determine if the project should be designed for the Capital Flood or the Urban
Flood, as described by the Level of Protection policies in Section 2.

D-3. Finding the Peak Runoff Rate
(See the example in Appendix L)

Follow these steps using the tables in Appendix M to determine the peak runoff rate:

(1) From the soil type at your site, determine which group, A or B, applies to your
project. The "Runoff Coefficient Curve Number," RC, is the same as the soil type
number.
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(2) From the Runoff Coefficient Group, find the peak Capital Flood flow rate for your
rainfall zone and the drainage area size closest to yours. Interpolate to find the
flow for your drainage area. This is the peak flow at the outlet.

(3) If your project requires protection from an Urban Flood, multiply the peak Capital
Flood flow rate by the appropriate factor shown in the table. Multiply the Capital
Flood flow rate by the 10-year flood factor to get the drain flow rate.
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LOS ANGELES COUNTY DEPARTMENT OF PUBLIC WORKS
Gumbel Extreme Value Type 1 Rainfall Frequency Analysis

________STANDARD RAINGAGE RESULTS________
Raingage No. 106 - WHITTIER CITY YARD

24 Hour Duration

Frequency
(years)

500.00
200.00
100.00
50.00
25.00
10.00
5.00
2.33
2.00
1.01

Mean:
Standard
Deviation:

Rainfall
Depth

(inches)
6.62
5.93
5.40
4.87
4.33
3.61
3.05
2.35
2.18
0.75

2.3449
0.9735

Number
of Events:

Begin Date:
End Date:

# of Missing
Seasons:
Missing

Seasons:
Latitude:

Longitude:
Elevation:

68

2/4/28
1/10/95

0

N/A

33° 58' 57"
11 8° 2' 50"

300'

Raingage No. 107 - DOWNEY - FIRE DEPARTMENT
24 Hour Duration

Frequency
(years)

500.00
200.00
100.00
50.00
25.00
10.00
5.00
2.33
2.00
1.01

Mean:
Standard
Deviation:

Rainfall
Depth

(inches)
7.17
6.40
5.82
5.24
4.65
3.85
3.23
2.45
2.28
0.69

2.4524
1.0738

Number
of Events:

Begin Date:
End Date:

# of Missing
Seasons:
Missing

Seasons:
Latitude:

Longitude:
Elevation:

70

4/5/26
1/10/95

0

N/A

33° 55' 48"
118°8'47"

110'

1/30/01 Page 29 of 131 LAP\ Stdrepo
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HYDROLOGY CALCULATIONS
FOR

WASTE DISPOSAL SUPERFUND SITE

12/27/02

SUBAREA DATA

NO. AREA (ac.)

A 3.1 ac

B 2.1 ac

C 1 .5 ac

D 0.8 ac

E 1.6 ac

F 1.7 ac

G 0.9 ac

H 2.3 ac
I -

I 2.6 ac

J | 2.4 ac

CLOSEST +/- 0.5 ACRE FLOW FROM

AREA (ac.)

3.0 ac

2.0 ac

1.5ac

0.5 ac

1.5 ac

1.5 ac

0.5 ac

2.0 ac

2.5 ac

2.0 ac

Q-50 (cfs)

11.0 cfs

7.6 cfs

5.8 cfs

2.1 cfs

5.8 cfs

5.8 cfs

2.1 cfs

7.6 cfs

9.4 cfs

7.6 cfs

AREA (ac.)

3.5 ac

2. Sac

2.0 ac

1.0 ac

2.0 ac

2.0ac

1.0 ac

2. Sac

3.0 ac

2.5 ac

CHART

Q-50 (cfs)

13.0 cfs

9.4 cfs

7.6 cfs

4.0 cfs

7.6 cfs

7.6 cfs

4.0 cfs

9.4 cfs

1 1 .0 cfs

9.4 cfs

ACTUAL SUBAREA PEAK RUNOFF

Q- 100 (cfs)

12.9 cfs

9.0 cfs
....... .. . . ....-.-...~... .............. ......

6.6 cfs

3.7 cfs

7.0 cfs

7.4 cfs

4.1 cfs

9.8 cfs

11.0 cfs

10.2 cfs

Q-50 (cfs)

11. 4 cfs

8.0 cfs

5.8 cfs

3.2 cfs

Q-25 (cfs)

9.7 cfs

6.8 cfs

5.0 cfs

2.8 cfs

6.2 cfs 5.3 cfs
f

6.5 cfs | 5.6 cfs

3.6 cfs 3.1 cfs

8.7 cfs

9.7 cfs

7.4 cfs

8.3 cfs

9.0 cfs 7.7 cfs

Q-10(cfs)

7.9 cfs

5.5 cfs

4.0 cfs

2.3 cfs

4.3 cfs

4.5 cfs

2.5 cfs

6.0 cfs

6.8 cfs

6.3 cfs

ASSUMPTIONS:

Los Angeles County Department of Public Works Small Area Method

Rainfall Zone K

Soil Type 013

Runoff Coef. Group B

LA County Rational.XLS
Hydro Table TABLE # 1 Santa Fe Springs, CA
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15"PVCPIPE
Worksheet for Circular Channel

Project Description
Project File
Worksheet
Flow Element
Method
Solve For

c:\haestad\fmw\wdi.fm2
WASTE DISPOSAL INC. SUPERFUND SITE
Circular Channel
Manning's Formula
Channel Depth

Input Data
Mannings Coefficient 0.01 1
Channel Slope 0.01 6700 ft/ft
Diameter 15.00 in
Discharge 10.20 cfs

Results
Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Percent Full
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Maximum Discharge
Full Flow Capacity
Full Flow Slope
Flow is supercritical.

1 .07 ft
1.12 ft2

2.95 ft
0.88 ft
1.19 ft

85.39 gj^
o.oi5?6SfT7rT^
9.14 ft/s
1.30 ft
2.37 ft
1.43

10.61 cfs
9.87 cfs
0.0 17853 ft/ft

12/04/02
02:31:56 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203)755-1666

Flow/Master v5.11
Page 1 of 1



BERM SIZING CALCULATIONS

(1 00-YEAR STORM)
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HYDRAULIC ELEMENTS - I PROGRAM PACKAGE
(C) Copyright 1982-2002 Advanced Engineering Software (aes)

Ver. 9.0 Release Date: 01/01/2002 License ID 1512

Analysis prepared by:

TRC Solutions
21 Technology Drive
Irvine, CA 92618
(949) 727-9336

TIME/DATE OF STUDY: 15:06 12/04/2002
= == = s= = = = = = = = = = = = s = s==: = ss=:=: = = = = r:== = = = = = = s= = = = = = = = = = = =; = = = r:=ss==:=ss:=:=:== = = = = = = = = = = = = s:s;sss=2r

Problem Descriptions:
Area 'A' Berm Sizing
Waste Disposal Superfund Site
Prepared By: KJM

»»CHANNEL INPUT INFORMATION««

CHANNEL Zl(HORIZONTAL/VERTICAL) = 2.00
Z2(HORIZONTAL/VERTICAL) = 50.00

BASEWIDTH(FEET) = 1.00
CONSTANT CHANNEL SLOPE(FEET/FEET) = 0.010000
UNIFORM FLOW(CFS) = 12.90
MANNINGS FRICTION FACTOR = 0.0250

NORMAL-DEPTH FLOW INFORMATION:

»»> NORMAL DEPTH (FEET) = 0 .45 . <. 1.5
FLOW TOP-WIDTH(FEET) = 24.51
FLOW AREA(SQUARE FEET) = 5.76
HYDRAULIC DEPTH(FEET) = 0.24
FLOW AVERAGE VELOCITY(FEET/SEC.) = 2.24
UNIFORM FROUDE NUMBER = 0.813
PRESSURE + MOMENTUM(POUNDS) = 112.27
AVERAGED VELOCITY HEAD(FEET) = 0.078
SPECIFIC ENERGY(FEET) = 0.530

CRITICAL-DEPTH FLOW INFORMATION:

CRITICAL FLOW TOP- WIDTH (FEET) = 22.51
CRITICAL FLOW AREA (SQUARE FEET) = 4.86
CRITICAL FLOW HYDRAULIC DEPTH (FEET) = 0.22
CRITICAL FLOW AVERAGE VELOCITY (FEET/SEC .) = 2.65
CRITICAL DEPTH (FEET) = 0.41
CRITICAL FLOW PRESSURE + MOMENTUM ( POUNDS ) = 109.94
AVERAGED CRITICAL FLOW VELOCITY HEAD (FEET) = 0.109
CRITICAL FLOW SPECIFIC ENERGY (FEET) = 0.523



****************************************************************************
HYDRAULIC ELEMENTS - I PROGRAM PACKAGE

(C) Copyright 1982-2002 Advanced Engineering Software (aes)
Ver. 9.0 Release Date: 01/01/2002 License ID 1512

Analysis prepared by:

TRC Solutions
21 Technology Drive
Irvine, CA 92618
(949) 727-9336

TIME/DATE OF STUDY: 15:08 12/04/2002

Problem Descriptions:
Area 'C' Berm Sizing
Waste Disposal Superfund Site
Prepared By: KJM

****************************************************************************
»»CHANNEL INPUT INFORMATION««

CHANNEL Zl(HORIZONTAL/VERTICAL) = 2.00
Z2(HORIZONTAL/VERTICAL) = 30.00

BASEWIDTH(FEET) = 0.10
CONSTANT CHANNEL SLOPE(FEET/FEET) = 0.010000
UNIFORM FLOW(CFS) = 6.60
MANNINGS FRICTION FACTOR = 0.0200

NORMAL-DEPTH FLOW INFORMATION:...__........._.........._.._......._._...._..../..__........... ,v
NORMAL DEPTH (FEET) = 0.40 j ̂ \ ,S •'. O^ (Stt ̂CCTlOAi C"C /

FLOW TOP-WIDTH(FEET) = 12.86
FLOW AREA(SQUARE FEET) = 2.58
HYDRAULIC DEPTH(FEET) = 0.20
FLOW AVERAGE VELOCITY(FEET/SEC.) = 2.56
UNIFORM FROUDE NUMBER = 1.005
PRESSURE + MOMENTUM(POUNDS) = 54.27
AVERAGED VELOCITY HEAD(FEET) = 0.101
SPECIFIC ENERGY(FEET) = 0.500

CRITICAL-DEPTH FLOW INFORMATION:

CRITICAL FLOW TOP-WIDTH(FEET) = 12.88
CRITICAL FLOW AREA(SQUARE FEET) = 2.59
CRITICAL FLOW HYDRAULIC DEPTH(FEET) = 0.20
CRITICAL FLOW AVERAGE VELOCITY(FEET/SEC.) = 2.55
CRITICAL DEPTH(FEET) = 0.40
CRITICAL FLOW PRESSURE + MOMENTUM(POUNDS) = 54.27
AVERAGED CRITICAL FLOW VELOCITY HEAD(FEET) = 0.101
CRITICAL FLOW SPECIFIC ENERGY(FEET) = 0.500



***********************************************************
HYDRAULIC ELEMENTS - I PROGRAM PACKAGE

(C) Copyright 1982-2002 Advanced Engineering Software (aes)
Ver. 9.0 Release Date: 01/01/2002 License ID 1512

Analysis prepared by:

TRC Solutions
21 Technology Drive

Irvine, CA 92618
(949) 727-9336

TIME/DATE OF STUDY: 15:09 12/04/2002

Problem Descriptions:
Existing Channel Size Check (Area 'J')
Waste Disposal Superfund Site
Prepared By: KJM

****************************************************************************
»»CHANNEL INPUT INFORMATION««

CHANNEL Zl(HORIZONTAL/VERTICAL) = 3.00
Z2(HORIZONTAL/VERTICAL) = 3.00

BASEWIDTH(FEET) = 2.00
CONSTANT CHANNEL SLOPE(FEET/FEET) = 0.015000
UNIFORM FLOW(CFS) = 10.20
MANNINGS FRICTION FACTOR = 0.0250

NORMAL-DEPTH FLOW INFORMATION:
'

>»» NORMAL DEPTH (FEET) = 0 .64 < £.' fAllO. "bc^TV* 0^ CMAtfO^t * "2.
FLOW TOP-WIDTH (FEET) = 5.86 ,
FLOW AREA(SQUARE FEET) = 2.53
HYDRAULIC DEPTH(FEET) = 0.43
FLOW AVERAGE VELOCITY(FEET/SEC.) = 4.04
UNIFORM FROUDE NUMBER = 1.084
PRESSURE + MOMENTUM(POUNDS) = 122.20
AVERAGED VELOCITY HEAD(FEET) = 0.253
SPECIFIC ENERGY(FEET) = 0.896

CRITICAL-DEPTH FLOW INFORMATION:

CRITICAL FLOW TOP-WIDTH(FEET) = 6.03
CRITICAL FLOW AREA(SQUARE FEET) = 2.69
CRITICAL FLOW HYDRAULIC DEPTH(FEET) = 0.45
CRITICAL FLOW AVERAGE VELOCITY(FEET/SEC.) = 3.79
CRITICAL DEPTH(FEET) = 0.67
CRITICAL FLOW PRESSURE + MOMENTUM(POUNDS) = 121.82
AVERAGED CRITICAL FLOW VELOCITY HEAD(FEET) = 0.223
CRITICAL FLOW SPECIFIC ENERGY(FEET) = 0.894



INLET BASIN SIZING

(1 00-YEAR STORM)
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CAPACITY GRATE INLETS
GRATE SIZE

24"X36"

12"X12"

I8"X18"

24"X24"

36"X36"

48"X48"

AREA*
(A)
2.25
2.25
2.25
2.25
2.25

0.38
0.38
0.38
0.38
0.38

0.84
0.84
0.84
0.84
0.84

.50

.50

.50

.50

.50

.50
1.50
1.50

3.38
3.38
3.38
3.38
3.38

6.00
6.00
6.00
6.00
6.00

PERIMETER*
(P)

5.00
5.00
5.00
5.00
5.00

2.00
2.00
2.00
2.00
2.00

3.00
3.00
3.00
3.00
3.00

4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00

6.00
6.00
6.00
6.00
6.00

8.00
8.00
8.00
8.00
8.00

HEAD (FT)
(H)
0.10
0.20
0.30
0.40
0.50

0.10
0.20
0.30
0.40
0.50

0.10
0.20
0.30
0.40
0.50

0.10
0.20
0.30
0.40
0.50
1.00
1.50
2.00 '

0.10
0.20
0.30
0.40
0.50

0.10
0.20
0.30
0.40
0.50

CAPACITY (cfs)
(ORIFICE)

3.82
5.40
6.62
7.64
8.54

0.65
0.91
1.12
1.29
1.44

1.43
2.02
2.47
2.85
3.19

2.55
3.60
4.41
5.09
5.70
8.06
9.87
11.39*

5.74
8.12
9.94
11.48
12.83

10.19
14.41
17.65
20.38
22.78

CAPACITY (cfs)
(WEIR)

0.47
1.34
2.46
3.79
5.30

0.19
0.54
0.99
1.52
2.12

0.28
0.80
1.48
2.28
3.18

0.38
1.07
1.97
3.04
4.24
12.00
22.05
33.94

0.57
1.61
2.96
4.55
6.36

0.76
2.15
3.94
6.07
8.49

* ASSUME 507f CLOGGING
** BASED ON BUREAU OF PUBLIC ROADS CHART "CAPACITY OF GRATE INLET IN SUMP WATER PONDED ON GRATE"
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WDI NOISE CALCULATIONS

•

Site
Number

1

Site Name

WDI

Silt Type

REMED

County

Los
Angeles

City/Town

Sante ft
Springs

Distance to
Nearest

Receptor

(1)

(fe.)

800

Land Use
Catetory

TO

4

Estimated
Ambient

Noise Lrvd

W

(«A)

41

Construction

Threshold / Restriction

NA

Citation

NA

Estimated
Maiimnna

Noise Level it
the Nearest

Receptor

(MA)

7

Doestke
Estimated
Mat Noise

Level
Eiceedtbe
Threshold

for Daytime
Hours?

No Threshold

Noise
Mingling
Required?

(lea)

No

Noise Levels
Operations

Threshold

(«A>

Maximum outdoor Ldn ia
residential areas where
outdoor use is a major

consideration and
economically 2nd

aesthetically possible: 60 ;
otherwise 65 ; Indoor Ldn
in muhi-fajnih/ dwellings:

45

Citation

Xante Fc Springs Cod<
of Ordinances; Title
XV; Chapter 155;

Zoning

Estimated

Noise Level
Itthe

Nearest
Receptor
Witnonl

Additional
Noise

Insvtatioa
(5)

(*«A)

7

Estimated
Exterior Leq,
LdiorCNEL
Noise Level

without
Additioul

Noise

l«*t-.(6)

(d»A)

41

Does the
Estimated

Leq, Ldn or
CNEL Noise

Level
EiceedDM
Eiterior

Threshold
fcrl>aytime

Hoars?

No

Extra Noise
Insulation
Required?

No

Cora men!

Assumes ambient noise level for
daytime at 41 dBA and nearest

residential receptor ism an A-l,
R-l. or R-3 zone. Actual Ambienl

level should be measured to
confirm assumption

N/A = Nol applicable.
(1) The distance to the nearest receptor is estimated from the site location map
(2) Shomer and Associates, •Proposed Revisions to Property-Line-Noise-Source Measurement Procedures", Report No ILENR/RE-EA-91/IO, June 1991.

Land Use Categories are as follows: 1 - Noisy commercial and industrial areas; 2 - Moderate commercial and industrial areas; 3 = Quiet commercial and industrial areas and moderate residential areas; 4 = Quiet residential; and 5 = Very quiet, sparse
(3) Aeresti. Tonv (TRO. Personal communication with noise levels computed from Schorocr and Associates (1991) as follows: 59 dBA for I. 52 dBA for 2. 47 dBA for 3. 41 dBA for 4. and 35 dBA for 5.
(4) Maximum potential noise is based on manufactures maximum reported level of 85dBA at the source.

The noise has been adjusted to the nearest receptor or to be consistent with the threshold noise level.
|5) Maximum potential operating noise includes both mechanical and exhaust sources

The maximum noise level shown has been adjusted to the nearest receptor.
(6) CNEL = Community Noise Equivalent Level, 24-hour weighted average Ldn = Day-Night Average Sound Level, 24-hour weighted average Leq=Energy-equivalen( noise level, hourly average

Calculations of the Ldn and CNEL assume that the ambient sound level remains constant for the 24 hour period, and that the source operates continuously.
For an Leq threshold not specified as hourly, the source sound level, regardless of operating time, complies with the threshold.
Equations used to calculate Ldn and CNEL were obtained from Handbook of Acoustical Measurements and Noise Control, Third Edition, bu Cyril M. Harris, McGraw-Hill Inc , 1991

NOKECAtC*
Paoel
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ENVIRONMENTAL SOLUTIONS, INC.
By fitv> Date '///2 /f£ Subject &*•* /^ Gy9»f- h J& (^>r £>//&,•$_*** Sheet No. . . ' . . . of -?

Chkd. Bv ̂ ' Date T/V^/*?^ //£>/*U Syt-le*^ . k/£>JT SL* »**>-£ ~<L -f7/<- Prol. No. J? - 2-S6• f '-T' ^ , j / * ——

2

3

4

6

•

7

«

10

11

12

13

14

15

18

17

18

2. <TV<

S ' fl »txte.

f =

20

21

22

23

24

25

28

27

28

30

31

32

33

34

"'
Q - \J'

c it A

0. 02-23

CAff/Tf' ==• IOO - IOOO
10 11 12 13 '14 IS 18 17 18 18 20 21 22 23 24 25 26 27 28 29

Recyclable and made from recycled paper.



. . . SIZING

..|U. sii.0;;. Those constraints, which provide the frame-
'.«-v f'.u- most line si/ing, can be outlined in the fol-work for

lowing way

1, lino si/ing, can be outlined in the fol-

.EROSION LIMITATIONS
•PROCESS CONTROL
•PRESSURE DROP
• COMPRESSIBLE FLOW
• TWO-PHASE FLOW
• FLOW DISTRIBUTION

Erosion Limitations

Although high velocities sometimes cause passivity
in'pipins materials.4 the engineer is more frequently
concerned with velocity-induced erosion. High veloci-
ties can shorten the potential life of a metal pipe,
thereby making the installation economically unattrac-
tive. For example, some copper-nickel alloys in sea-
water service have acceptable erosion rates when the
velocity is 5 to 10 ft./sec.; however, when velocity ex-
ceeds about 15 ft./sec., the erosion rate then becomes
prohibitive.

The designer should be aware of the following con-
ditions that can increase erosion and impose velocity
limitation on the -design ;

1. Corrosive environment where products of corro-
sion form a scale of friable solid.

2. Soft metal (e.g., -lead or copper).
3. Presence of abrasive solids in the" process fluid.
4. Large number of pipe fittings, -with resultant h'gh

levels of turbulence.
Ideally, the designer should consult corrosion spe-

cialists on erosion problems. Production engineers are
also an excellent source of erosion know-how. When the
designer has no historical data or consultants available
but suspects erosion, he should arbitrarily limit the
design velocity. For liquids, a maximum velocity of
5 ft./soc. is recommended.

Process Control

Accurate control of fluids is essential to many piping
systems. Although sizing of control components should
be left to those experienced in this field, the engineer
who sizes the piping should familiarize himself with
some aspects of process control.

To achieve good flow control in a pipeline, the control
valve must dissipate considerable pressure drop. As a
rough guide,3 the control valve should take at least
30% of the total frictional pressure drop in the con-
trolled system. (Sec the accompanying information
elsewhere on page 100 for a better -estimate of this
pressure-drop percentage.) The reason is apparent. If
comparatively little pressure drop is taken across a
control valve, the valve stem will have to move a large
percentage of its available .stroke to change the flow-
rate. Throttling at lower flowralcs, the control valve
would tlien be nearly closed, and a small change in
the valve opening would effect a lai;gc change in
llowralc.

Control valves can bis roughly sixod wi th tin; fa-
mil iar K tha t is equal l<> the number .of vdm-.ily

CONTROL VALVE dissipates much pressure drop—Fig. 2

Optimum velocity for turbulent flow
in steel pipe—Table I

fluid Density
Lb./Cu. Ft.

100
50
10
1
0.1
0.01

Optimum Velocity1

Ft/Sec.

5.1
6.2

10.1
19.5
39
78 ' .

Optimum Ve locity2

Ft./Sec.

8
10
16
31
59 ,— __

112
.s e <>

'•> Sources for these data'are given in References 1 and 2.

heads. For turbulent incompressible flow of nonflash-
ing fluids, the control-valve pressure drop (head
loss) is:

KV* (1)

where V refers to velocity based on a nominal valve
size, and E is defined later. For a conventional dou-
ble-seated control valve, K — 9 approximately [or
Cs= 10 (in. dia.)2].1-3

• Example: Control-Valve Size

The following simplified example illustrates the
above principles. Water at 30 psig. flows through the
heat exchanger shown in Fig. 2. The heat exchanger
dissipates a pressure drop of 12 psi. when the flow-
rale is ]00 gpm.

A 2-in. pipeline produces an estimated 14-psi. fric-
tional pressure drop, whereas 3-in. piping causes only
2 psi. A 2-in. line is too small because the available
pressure drop for the control valve is only (100) (30-12-
H)/30 — 13';.'. of the total system drop, and therefore
the control valve would not have a use-able range.

The use of 2-?-in. piping is discounted because the-
plant decs not inventory this size. The 3-in. line make;?
the pressure drop that is available for the motor valve:

j Chcmiuil Engineering—Juno 17,1968 193
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T> A Recyclable and made from recycled paper.



The blower noise level analysis for the reservoir area gas collection and venting system is based on
McMaster-Carr blower Model Number 1954K41. Decibel level for the blower is 85 dBA, per a
phone conversation with McMaster-Carr on December 18, 2001.

Distances to nearest receptors are shown in Figure 1. The closest residence is approximately
800 feet to the East. There is a school approximately 900 feet to the northeast. The property line
between the site and the school is 300 feet to the north.

The noise level table from the City of Santa Fe Springs Zoning Ordinance is shown in Attachment A.
The R-l zoning designation was used as the permitted noise levels for the residence. The school,
church or hospital permit levels were used for the school.

Table 1 shows calculations for noise level impact to the closest residence. Assumptions used in the
calculation should be verified to confirm the data. An estimated ambient noise level of 41 dBA
and a land use category 4 were assumed for the calculation.

Table 2 shows calculations for noise level impact to the school. Assumptions are the same as those
for Table 1.

Section 155.423(8) (see Attachment B) requires outdoor noise be measured at the lot line.
Therefore, Table 2 uses 300 feet as the distance to the nearest receptor for the school although the
closest building at the school is approximately 900 feet away

The 41 dBA at the residence and the 44 dBA at the school property line both fall within acceptable
levels as indicated in the noise level table (see Attachment A).

TRC
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WDI NOISE CALCULATIONS

Site
Number

2

Site Name

WDI

Site Type

REMED

County

Los
Angeles

City/Tew«

SanfeFe
Springs

Distance to
Nearest

Receptor
(<)

(fcrt)

300

Land Use
Category

m

4

Estimated
Ambient

Noise Level

P)

(«A)

41

Noise Levels
Construction

Threshold / Restriction

NA

Citation

NA

Estimated
Maximum

Noise Level at
the Nearest

(4)
Receptor

(d>A)

15

Does die
Estimated
Ma.. Noise

Level
Eiceed tie
Threshold

lor Daytime
Hours?

No Threshold

Noise
Mitigation
Required?

(fat)

No

OperatioDS

Threshold

(<IBA)

Maximum outdoor Lon in
residential areas where
otudoor nse is a major

consideration and
economically and

aesthetically possible: 60 ;
otherwise 65 ; Indoor Ldn
in multi-family dwellings:

45

Citation

SanteFe Springs CcA
of Ordinances; Title
XV; Chapter 155;

Zoning

Estimated
Maximam
Noise Level

alike
Nearest
Receptor
Without

Additional
Noise

Inflation

<5)

(JBA)

15

Estimated
Exterior Leo,
Ldn or CNEL
Noise Level

without
Additional

Noise

Insulation"*

(«A)

44

Does the
Estimated

Leq.Ldn.r
CNEL Noise

Level
Eiceed tie
Exterior

Threshold
for Daytime

Ho.rs?

No

Extra Noise
Insolation
Reqnired?

No

Comment

Assumes ambient noise level for
daytime at 41 dBA and a school
tot line is 3001 from the source

location.

N/A = Not applicable
(1) The distance to the nearest receptor is estimated from the site location map
(2) Shomer and Associates, "Proposed Revisions to Property-Line-Noise-Source Measurement Procedures", Report No, ILENIVRE-EA-91/10, June 1991.

Land Use Categories are as follows: \ = Noisy commercial and industrial areas; 2 = Moderate commercial and industrial areas; 3 = Quiet commercial and industrial areas and moderate residential areas; 4 = Quiet residential; and 5 = Very quiet, sparse
(3) Aeresti, Tony (TRC). Personal communication with noise levels computed from Schemer and Associates {1991) as follows: 59 dBA for I, 52 dBA for 2. 47 dBA for 3,41 dBA for 4, and 35 dBA for 5.
(4) Maximum potential noise is based on manufactures maximum reported ievei of 85dBA at the source.

The noise has been adjusted to the nearest receptor or to be consistent with the threshold noise level.
(5) Maximum potential operating noise includes both mechanical and exhaust sources.

The maximum noise level shown has been adjusted to the nearest receptor.
(6) CNEL = Community Noise Equivalent Level, 24-hour weighted average. Ldn = Day-Night Average Sound Level, 24-hour weighted average. Leq=£nergy-equivalent noise level, hourly average.

Calculations of the Ldn and CNEL assume that the ambient sound level remains constant for the 24 hour period, and that the source operates continuously
For an Leq threshold not specified as hourly, the source sound level, regardless of operating time, complies with the threshold-
Equations used to calculate Ldn and CNEL were obtained from Handbook of Acoustical Measurements and Noise Control, Third Edition, bu Cyril M. Harris, McGraw-Hill Inc., 1991.
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Santa Fe Springs Code of Ordinances
TITLE XV: LAND USAGE

CHAPTER 155: ZONING

§155.424 PERMITTED NOISE LEVELS.

(A) The noise level caused by any device, instrument, vehicle, machinery, operation, use or activity shall not exceed the levels set forth in
the table set out in division (E) of this section except as further provided in this chapter.

(B) In the event the ambient noise level exceeds a permitted noise level set forth in division (E) of this section, the permissible noise level
for the corresponding duration and receiving area shall be the ambient level.

(C) Noise of impulsive character (hammering, and the like) or that contains a pure tone (such as a whine, screech, or hum), shall only be
permitted at levels five dB(A) less than the permitted levels determined under this section.

(D) At a lot line separating properties with different permitted noise levels, the applicable permitted outdoor noise level shall be the
arithmetic mean of the permitted outdoor noise levels set forth in division (E) of this section for the receiving areas on opposite sides of said lot
line.

(E) Noise level table.

A- Weighted Sound Lerd in Dedbris (<ffl<A))

••>' ' '"':

Receivmg Area •
Outdoor None * lx*
Line Of.
Any school* church or
hospital

Daytime
(7:00 u*. to ItM pan.)

DwraUoa in Any 1-Hwr f

30

45

15

SO

5

55

nutev
felMMl

1

60.

Absotete
Maximum

65

(10*0 1
Wgbttime
UB. to 7:ft «JM.)

MaxfcnuraCoBHibtireMiMitai
Duration in Aay 1-Hour Period

30

45

15

50

5

55

1

60

*• - • -
uqUDQIDl^HB

65

http://209.48.87.250/santafe_springs_ca/lpext.dn/.../3289?f^ 12/19/2001
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Any other use
tatbcA-l,R-lor
R-3Zonc
In the C-l or C4 Zone
En the ML, PF or
BPZone
In the NM <x M-2 Zone
Residential Buftilng
Interior;

In the A-l or R-l Zone
In the R-3 Zone

50

60

60

70

43
45

55

65

63

75

50
50

60

70

70

80

55
55

65

75

75

85

60
60

70

. • ;• .• 80

80

90,

65

65

45

55

60

70

45

45

50

60

65

75

50

50

55

65

70

80

55
55

60

70

75

85

60
60

65

75

80

90

65
65

Sound kvd» at or above each decibel levd given in the table shall not occur for a duratiro tooger th^
column-heading..

('64 Code, § 52.34) (Am. Ord. 712, passed 6-11-87) Penalty, see § 10.97

http://20 ,87.250/santafe_springs_ca/lpext.dll/.../3289?f^templates&' 5cument-frame.htm&q=noise%20ordinance&x=Simple&; ?./19/2001
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Santa Fe Springs Code of Ordinances
TITLE XV: LAND USAGE

CHAPTER 155: ZONING

§ 155.423 NOISE LEVEL MEASUREMENT PROCEDURES.

Any noise level measurement made pursuant to the provisions of this subchapter shall be measured with a
sound level meter in accordance with the following:

(A) Measurements shall be made in decibels (dB) using the A-weighted scale with slow response,
following the manufacturer's instructions, except the fast response shall be used for impulsive sounds.

(B) Outdoor noise shall be measured at the lot line and/or at any point with the land parcel receiving
the noise, where possible, the microphone shall be positioned at least 10 feet from the nearest reflective
surface. For the purpose of this measurement the boundaries of any lease agreement, or operating unit or
group of contiguous fee properties operated as a unit, shall be considered as the lot line.

(C) Measurements shall be made with the microphone at a height not less than five feet above the
ground or floor level for outdoor measurements and for measurements within a building or on a balcony or
deck, respectively.

(D) Measurements within a building for determining the noise level from exterior noises shall be made
with the microphone five feet from the window (closed) and/or wall of the structure.

(E) The ambient noise level shall be measured while the alleged intruding noise source is inoperative.
If for any reason the alleged intruding noise source cannot be turned off, the ambient noise level shall be
estimated, if possible, by performing a measurement in the same general area of the alleged intruding noise
source but a sufficient distance such that the noise from the alleged intruding noise source is at least 10 dB
below the ambient noise level in order that only the actual ambient noise level be measured. If a difference
of 10 dB as specified in the preceding sentence cannot be obtained within the same general area, but the
alleged intruding noise source is five to 10 dB below the ambient, then the level of the ambient noise level
itself may be reasonably determined by subtracting a one decibel correction to account for the contribution of
the alleged intruding noise source.
('64 Code, § 52.32) (Am. Ord. 712, passed 6-11-87)

http://209.4.../3281?f=templates&fh=document-frame.htm&q=noise%20ordinance&x=Simple&2. 12/19/2001
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CALCULATION PACKAGE

SOIL LOSS DUE TO SHEET EROSION

Calculation Package Prepared by Advanced Earth Sciences, Inc.
December 2002

Prepared by: -3^<o- /».,au^tCv«~- Reviewed by:
P 3 - AMArOTM AivJGTHfllO- S\A~3\



CALCULATION PACKAGE FOR
SOIL LOSS DUE TO SHEET EROSION

Objective:

Calculate annual soil loss due to sheet erosion for the proposed cover

References:

US Army Engineer Waterways Experiment Station, "Evaluating Cover Systems for Solid and
Hazardous Waste," 1982.

Nelson, J.D., Abt, S.R., Volpe, R.L., van Zyl, D., Hinkle, N.E., Staub, W.P., "Methodologies for
Evaluating Long-Term Stabilization Designs of Uranium Mill Tailings Impoundments," 1986.

Assumptions:

Surface layer for Subtitle C and Subtitle D equivalent covers are similar, and consists of site
soils (predominantly SC) compacted to 85% to 90% relative compaction and vegetated with
native plants.
No irrigation
Finish grades based on proposed grading plan for CERCLA Closure, Max site El. 169 ft.
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Summary

L(ft)
S (%)
m
R
K
VM
Unit weight (pcf)

LS

A (tons/acre/year)
A (Ib/sq.ft/year)

Height. Loss in 100 yrs (ft)

Loamy sand
600
2.2
0.3
50

0.12
0.4
120

0.368

0.884
0.041

0.034

150
2.8
0.3
50

0.12
0.4
120

0.301

0.721
0.033

0.028

Sandy clay
600
2.2
0.3
50

0.14
0.4
120

0.368

1.031
0.047

0.039

150
2.8
0.3
50

0.14
0.4
120

0.301

0.842
0.039

0.032

Conclusions

Estimated soil loss per year for the proposed Subtitle C and D equivalent cover ranges from 0.721
to 1.031 Tons/acre/year
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5. EVALUATING THE POTENTIAL FOR SURFACE SHEET EROSION

Due to their fine-grained noncoheslve nature, uranium mill tailings
havfe a high potential for sheet erosion when subjected to the forces of
wind and water. Sheet erosion 1s defined and limited to that erosion which
occurs as a result of: (1) the Impact of raindrops striking the ground
surface, (2) the lifting and transporting of material due to wind forces,
or (3) the transporting of material due to^water flowing in small ephemeral
rills. Any of these forces acting Individually, or in combination with
each other, can detach and transport significant quantities of material
from an area. The potential for sheet erosion and subsequent transporta-
tion of the eroded tailings away from the Impoundment area are the princi-
pal concerns dictating the need for sound engineering design and proper
construction of a stable cover material over abandoned tailings. This
chapter presents a discussion of the analytical techniques that will be
used 1n a followup study to evaluate sheet erosion and a recommended
approach to estimate the life of different protective covers.

One of the existing methods used to estimate soiT nss due to sheet
erosion 1s based on experimental observation of soil erosion occurring 'v

primarily on agricultural lands. This observational approach lacks the
mathematically rigorous concept of, for example, methods Involving a
tractive shear force. Nevertheless, It 1'j believed that the extended
period of time over which the observational approach of sheet.erosion has
been developed and used lends credibility to Its consideration In evaluat-
1'hg protective covers for uranium tailings. '.

Historically, sheet erosion and gully erosion have not been viewed or
treated separately. Indeed, the natural forces associated with gully and
sheet erosion are similar; however, It Is now recognized that the damage
associated with gully, erosion Is potentially much greater,than that of
sheet erosion. Given the same potentially ?ros1ve material ̂  both erosion
phenomena are possible but usually only one will dominate the erosion pro-
cess primarily as a fuqctlon of ground slc.po and the frequency and Inten-
sity of rainfall. IT 1s Important, therefore, to put 1n proper perspective
these different types of erosion phenomena and to treat them separately 1n
the stabilization design process. v

!

5.1 METHODOLOGIES ' •.

Soil particles can become detached when the Impact pf rainfall and/or
the forces caused by wind or flowing water exceed the combination of
factors that contribute to soil cohesion or stability. Factors *h1ch tend
to stabilize the soil or resist such .erosive forces! Include natural vege^a-
t1on[ (ground clover) ancj protective rock covers. JThe design of any|protec-
tlve soil cover over uranium tailings must consider1the soil particle '
detachment process and the erosion potential over the entire reclamation
period.
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Two baste approaches exist for the design of suitable erosion-
resistant covers for a tailings Impoundment surface as originally described
by Nelson et al. (1983). The first approach consists of providing a cover
material that will resist material transport by flowing water using the
concept of critical shear stress. The second approach Is based on the
Universal So.l Loss Equation, an empirical method originally developed
during the 1930'r. The methodologies Involved with both of these methods
are discussed below.

5.1.1 Critical Shear Stress Approach

The critical shear stress approach consists of providing a cover
material with a d™ grain size (I.e., 70X of the material by weight Is
coarser than the ^Q) that will resist movement when subjected to the
sheet flow maximum permissible velocity resulting from the application of
the PMP over the entire Impoundment surface. Minimum d-jg grain sizes.
should be determined using the critical shear stress approach similar to
the procedures discussed 1n Simons and Senturk (1977) applicable to over-
land flow. A numerical solution for selecting an appropriate d™ to
provide armoring has been developed by Shen and Lu (1933).

The design approach described above, In which the critical grain size
Is selected to resist the onset of sheet erosion, should evaluate the run-
off from PMP storms of different durations, such as 0.5, 1, 2, 4, and 6
hours to select the maximum d-jQ required. Rainfall depths will
usually be based on 2.5 to 15 minute durations for small drainage basins as
presented 1n Section 2.1.2. .Typically, the minimum construction layer
thickness 1s specified to.be at least two times the maximum particle size.
If the above approach results In a cover thickness less than about 6
Inches, then other considerations - such as nonunlform placement of cover
and particle breakdown due to handling, placement and weathering - would
.suggest that a m1n1mi"i cover thickness of 10 Inches should be considered.
If a self-armoring cover can be provided, and there Is no major concern for
•weathering of the cover material, the design 1s Independent of time and the
cover should remain Intact Indefinitely.

5.1.2 Soil Loss Equation Approach
t

The concept of sheet erosion was recognized by early researchers and
the Universal Soil Loss Equation (USLE) was developed 1n the late 1930's by
the Agricultural Research Service to evaluate soil conservation practices
•for cropland throughout the United States. After Us Inception, the soil
loss procedure was used and modified as field experience and data were
obtained Incorporating the basic parameters of field slope and length,
precipitation, and crop management to estimate soil losses on an annual
baslsj Application of the US'.E to non-cropland areas and specifically for
construction sit«fs became feasible when Wlschroeler ct al. (I97il)i, using
basic soil loss characteristics, developed and Implemented a soil
credibility factor (K) In the soil loss computation. Subsequent efforts
refined the parameters used 1n the USLE for mining and construction
activities 1n the interior western United States.
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The Modified Universal Soil Loss Equation (MUSLE) was developed by the
Utah Water Research Laboratory In 1978 for the principal objective of esti-
mating soil losses due to highway construction activities. Alterations
were made to the USLE to accomodate unique or special conditions encoun-
tered In highway construction, Including steep and deep cuts and fill
slopes that could cause erosion affecting adjacent or nearby roadways,
streams, lakes, or inhabited areas. It Is apparent that the modifications
made to the USLE extend to many construction and mining sites beyond the
scope of highway construction.

The Modified Universal Soil Loss Equation (MUSLE) 1s a mathematical
model based on field determined coefficients and provides the most rational
approach to evaluate the long-term erosion potential from an upland area
similar to that of the area covering a reclaimed tailings pond. .Recent •-
Investigations Into appropriate methods 'of model1ng major types of sheet
erosion (Abt and Ruff, 1978; Nelson ot'al. 1983; ftyhan and Lane, 1983;-and
NRC, 1983), Indicate that although more rigorous mathematical models are
available to simulate erosion as a function of time, the use of the USLE
has a strong precedent because It has a 40-year history of runoff and soli
loss data. " . 'Vi

The MUSLE Is used to evaluate average soil losses, for certain types,of
slopes as a function of time. The MUSLE does not consider the potential
for gully development or intrusion as discussed in Chapter 4 because the
topographic features of the tailings area are assumed to remain constant
with time. Also, the HUSLE does not Incorporate the concept of the PMP but
rather a rainfall factor based on historical rainfall values. The MUSLE 1s
defined by Clyde et al. (1978) as follows:

A - R K (LS) (VM) (5.1)

where,

Ls

the computed loss per unit area In tons per acre per year with the
units selected for K and R properly selected;

the rainfall factor which Is the number for rainfall erosion Index
units plus a factor for snowmelt, if applicable;

the soil credibility factor, which 1s the soil loss rate per ero-
sion Index unit for a specified soil as measured on a unit plot
that 1s defined as a 72.6-ft length of uniform 9X slope continu-
ously maintained as clean tilled fallow;

• i : I 'I

the topographic factor, which 1s the ratio of sojl loss from the
field slope length to that from a 72.6-ft length under otherwise
Identical conditions;

VH • the dlmenslonless erosion control factor relating to vegetative;
and mechanical factors. This factor replaces the cover management
factor (C) and the support factor (P) of the original USLE.
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5.1.2.1 The Rainfall and Runoff Factor (R)

As noted by previous research .jit Los Alamos National Laboratory (Nyhan
and Lane, 1983), the R factor as used 1n the HUSLE 1s often misinterpreted
o'nly as a. rainfall factor. In reality, It must qOantlfy both the raindrop
Impact and provide Information on the amount and'rate of runoff likely to
be associated with the rain. More specifically, the R factor Is described
In terms of a rainfall storm energy (E) and the maximum 30-mlnute rainfall
Intensity (^Q). Generalized R facturr applicable to the Interior
western United States are given In Table 5.1. For R factors In specific
areas of the United States, It Is recommended that erosion Index distribu-
tion curves be obtained from local SCS off ices.

Table 5.1. Generalized Rainfall and Runoff (R) Values,

State Eastern Third Central Third Hestern Third

H. Dakota
S. Dakota
Montana
Wyoming
Colorado
Utah
New Mexico
Arizona

50
75
30
30
75
20
75
20

- 75
- 100
- 40
- 50
- 100
- 30
- 100
- 50

40 - 50
50
20

15-30
40 - 50
20 - 50
40 - 50

- 20 - 50

40
40

20 - 50 .
15 - 25
20 - 40
15 - 40
20.- 40
25 - 40

6.1.2.2 The Soil Credibility Factor (K)

The soil credibility factor (K) recognized the fact that the credi-
bility potential of a given soil Is dependent on Its compositional makeup,
which In turn reflects the grain size distribution of the soil. To predict
soil credibility, five soil characteristics that Include the percent silt
and fine sand, percent sand greater than 0.1 mm, percent organic material,
general soil structure and general permeability are determined. The K fac-
tor Is then found by using the Wlschmeler nomograph presented In Figure
5.1.

The makeup of the various soil fractions presented In Figure 5.1 1s
based on separating sand and silt at the 0.1 mm size. This dl.f.fers from
the Unified Soil Classification System which uses the, No.;200 sieve size I
(0.075 mm) for 'the separation between sand and;silt.' The .value to enter I
Figure 5.1 w1tn should be the percentage of material finer than 0.1 mm 1n °
size, not the percentage passing the No. 200 sieve. Also, the determina-
tion of the Soil Erodlblllty Factor (K) as shown on Figure 5.1 does not
specifically reference the percentage of cVay (finer than 0.002 mm) con-,
talned 1n the material. The percentage of silt plus very fine sand to be
used for Figure 5.1, therefore, 1s the percentage of material contained
between 0.002 mm and 0.1 mm.
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5.1.2.3 The Topographic Factor (LS)

Although the effects of both length and steepness of slope have been
Investigated separately In different research efforts. It Is more con-
venient for analytical purposes to combine the two Into one topographic
factor, LS. Wlschmeler and Smith (1978) developed plots correlating the
topographic factor for slopes up to 500 meters In length at slope Inclina-
tions from 0.5X up to BOX. Note that flat, short slopes will have less
erosion than long, steep slopes and 1t Is to the benefit of the design
engineer to optimize slope length and gradients to fit the topography.

The equation to determine the.LS factor Is as follows:

LS 650 + 450s + 65s'
10,000 z

where LS « topographic factor
L • slope length In feet
s • slope steepness 1n percent
m • exponent dependent upon slope steepness

The slope dependent exponent m Is presented 1n Table 5.2.

Table 5.2 Slope Dependent Exponent

Slope (percent) m

s < i.O
l."0~ < s < 3.0
3.0 < s 7 5.0
5.0 < s < 10.0
s > 10.0"

0.2
0.3
0.4
0.5
0.6

(5.2)

5.1.2.4 The VM Factor

The VM factor Is the erosion control factor applied 1n place of the
cover and erosion control factors found In th|e USLE. The erosilon control
factor accounts for measures Implemented'at the Construction sjlte to
Include vegetation, mulching, chemical' treatments and sprayed emulsions to
Impede or reduce erosion due to the overland'flow of water. Values of the
VM factor relative to site-specific conditions are presented In Table 5.3.

The VM factor 1s perhaps the most sensitive factor to effect the
computed erosion loss for a given site. As shown by the values presented
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A t - 6

on Table 5.3, the development of a permanent vegetative cover can have a
significant Impact In reducing the computed erosion loss. However, the
effectiveness of a vegetative cover over long-term periods should be
questioned unless other protective schemes, such as armoring of the cover
with the proper size material, are also Included In the design.

5.1.2.5 Example Problem

An example problem 1n how to use the MUSLE Is provided below. •

Assumptions:

Site location: Western Colorado

Site description: Uncovered tailings pond

Pond size: 160 acres

Slope: 31

Length: 2500 ft

Material: 42X sand greater than 0.10mm;
58X fine sand and silt less than 0.10 mm;
5X clay less than 0.002 mm;
OX organlcs; :
(53X s i l t plus fine sand less than 0.1 mm);
Consistency - fine granular;
Permeability - slow to moderate.

The following factors have been determined for use In Equation 5.1.

R - 20 from Table 5.1

K • 0.50 from Figure 5.1 (,50+ iyof3+6S~<fe)'

LS - 0.747 from Equation 5.2 and Table 5.2 fo.ooc> A

VM • 1.0 (average from Table 5.3 based on an undisturbed surface)

Using Equation 5.1, the annual soil loss (A) from the tailings pond due to
sheet erosion caused by flowing water Is computed to be 7.47 tons/acre/
year, or 1195 tons/year from £he facility. Therefore, the cover 1s esti-
mated to erode at a rate of 0.003 ft, per lyearj, or 0.3 ft/century. .'

] 1 | . ' M i i I f , ;
5.2 SUMMARY AND FUTURE STUDIES

The main application of the soil loss equation approach In the evalua-
tion of cover Integrity Is to determine whether 1t Is possible for sheet
erosion to penetrate the tailings cover, thereby exposing bare tailings and
constituting a failure of the cover. The /ollowup study will concentrate
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on using the MUSLE, for several al ternate cover designs In order to evaluate
whether the proposed analytlca,! approach can be successfully used to mea-
sure-the Iong-term:'1ntegr1ty of protective soil covers for uranium tailings
reclamation. Alternative designs (w11l be compared, both from a standpoint
of overall Integrity and construction dif f iculty. The covers will also be
evaluated using the crit ical shear stress approach to determine, based on a
given PMP, the minimum particle s i z e necessary to protect the cover agal.nst
long-term degradation. ! '

.
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GRAIN SIZE IN MILLIMETERS

too C.C01

Eigure 18. Hypothetical size gradation of ineffective
filter 'soil.

Gas drainage layers and channels may have granular consistency and
interconnections and general configuration, similar to those of the water
drainage layer or channel. Both layer types function to transmit preferen-
tially. The position in the cover system is a nm-in distinction. The -gas
drainage layer is placed on the lover side (Figure 19) to intercept gases
rising from waste cells, whereas the drain for water is positioned on the
upper side to intercept water percolating from the surface.

:=n: uoAMCFOHveoeTATioMi ::::

I GRAVEL. (GAS CXANNELJ tSSSSSSSSSSSSSSZeS

ligure 19. Cover layering suitable for
conveying gases to vents.

Evaluate Topsoil Steu 16

A topsoil or a subsoil made amenable to supporting vegetation fre-
quently forms the top of a layered cover system. Untreated subsoils are
seldom suitable directly, so it has been necessary frequently to. supplement
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Hot only is erosion objectionable in itself but erosioa can degrade the
cover and seribusly "reduce its effectiveness.

Evaluate Erosion Potential Stea 19

The DSDA universal soil loss "equation (IISLE) is a convenient tool for
use in evaluating erosion potential. Th* USIE predicts average annual soil
lose as the product of sir quantifiable factors. The equation is:

A = R r i S C P
vnere A - average annual soil loss, in tons/acre

fi = rainfall and runoff erosivity index
K = soil credibility factor, tons/acre
I = slope-length factor ~\
S = slope-steepness factor^
C = cover-management factor
P = practice factor

Die data necessary as input to this equation are available to the evaluator
in a figure and tables included below. Note that the evaluations in Step 8
on soil composition and Steps 25-32 on vegetation all. impact on the evalu-
ation of erosion also.

Eactor £ in the D5F.E can be calculated eapirically from climatological
data. Eor average annual soil loss determinations,- however, E can be ob-
tained directly from Eigure 20. Eactor K, the average soil loss for a "given

so

figure 20. Average annual values of rainfall-eroBivity factor' R.
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TART.F: 6.' VALUES 'or THE 'iicrcE'.is JFOR SEECJZTC
COHBIHATIOHS OF SIOEE tEHGIS AND STEEPNESS11

%Sop<

0.5
I
2

3
4
5

6
8
10

12
14
16

18
20
25

30
40
50

60

Soft katftb (C*rt)

25

. 0.07
0.09
0.13

0.19
<U3
0.27

0.34
<UO
0.69

0.90
1-2
1.4

1.7
16
3.0

4.0
6J
8.9

iio

50

0.01
0.10
0.16

0-23
0-30
OJ8

0.48
0.70
0.97

IJ
.1.6
10

14
19
4.2

5.6
9.0

13J3*

16-0

75

OJJ9
0.12
0.19

0.26
0_W
0.46

0-58
0.86
1.2

1.6
10
2-5

3.0
3.5
5.1 '

6.9
IIJO
ILO

2OO

too

0.10
0.13
0-20

0-29
0.40
0-54

0.67
0,99
1.4

I.S
2-3
18

3.4
4.1
5-9

8.0
13J3
1UO

23J3

150

0.11
0.15
0.23

0-33
0.47

. 0.66

0.82
U
1.7

12
18
3.5

4.2
5.0
7.2

9,7
16.0
210

214

200

0.12
0.16
0-25

OJ5
CJ3
0.76

0.95
1.4
1.9

16
3J
4.0

4.9
5-8
8-3

11.0
ILO
25.0

-•

300

0.14
(US
0-28

0-40
0^2
a93

1.2
1.7
14

3.1
•4.0
4.9

6-0
7.1

10.0

14.0
2iO
31.0

• *

400

0.15
0.20
0.3 1

(U4
O.TO
l.l

1.4
10
17

3.6
4J5
5.7

6.9
8.2

110

16-0
25J
--

--

500

0.16
0.21
OJ3

0.47
a76
1.2

1J
12
3.1

4.0
5.1
6.4

7.7
9.1

13.0

18.0
2S.O

—

--

600

at?
0.22
0.34

0.49
a<2
U

1.7
14
14 "

4.4
5^ •
7.0

8.4
10^5
14.0

20-0
31.Q
~

•'

COO

0.19
0.24
OJS

0-54
0.9:
1.5

1.9
18
3.9

5.1
6.5
8.0

9.7
110
17.0 '

Z3J3
• •

•-

—

1000

a20
0.26
0.40

0.57
1.0
1.7

11
3.1
4J

5.7
7.3
9.0

11.0
13.0
19.0

15.0
• f

••

• ••

for iopa iaoc«
Lbcfcforc, icn cvtuo tfxui the otScn.

overall effective LS value.
0.71 and 1.29.

300 l«ct or oecpcr ttaa It* «« «3ctapaatfcxabcroodth««atcortbQce««di<Ua«n<l.

If two segments are sufficient, multiply by

Factor C in the TISLE is the ratio of soil loss from land cropped under
specified conditions to that from clean-tilled, continuous fallow. There-
fore, C combines effects of vegetation, crop sequence, management, and agri-
cultural (as opposed to engineering) erosion-control practices. On land-
fills, freshly covered and without vegetation or special erosion-reducing
procedures of cover placement, C will usually be about unity. Where there
is vegetative cover or significant amounts of gravel, roots, or plant resi-
dues or where cultural practices increase infiltration and reduce runoff
velocity, C is much less than unity. Estimate C by reference to Table 7 for
anticipated cover management, but also consider changes that may take place
in time. Meadow values are usually most appropriate. See Reference 1 for
additional guidance.

factor P in the USIE is similar to C except that it accounts for addi-
tional erosion-reducing effects of land management practices that are super-
imposed on the cultural .practices, e.g., contouring, terracing, and contour
scrip-cropping. Approximate values of P, related only to slope steepness,
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*re listed la Table 8. These values axe based oa rather' 1 iaited field data,
bat P has * narrover range of possible values than -the other five factors.

8. VALUES OF FACTOR P11

Practice

Ccocoufinf (Pc)

Contour ttrip croppcn* (P«e)
R-fi-M-W1

R-W-M-M
R-R-W-M
R-W
R-O

Contour liflini or ridge pkntcot
<Pcl)

Cootottr ttmdn* (P()2

No ruppoct pnccict

Ltad dop« (perocnt)

1.1-2 il-7 7.1-12 iri-is 11.1-24

<F»etorO

OJSQ

OJO
OJO
(L43
OJ2
0.60

OJO

J0-6A/T

IJ

aso

0.15
OJ5
OJI
0^«4
OJO

0-15

0-S/vfi"

1X1

0.60

OJO
OJO
0.43
0.52
<UO

OJO

0.6 A/T

1.0

a so

0-40
o.*o
CU5O
0.70
o.so

0.40

o.8/\/r
1.0

o.so

0.45
0.45
cus
0.90
0.90

0.45

0.9A/T

1.0

W«ftfl »t*J td tatia, O • «pciny mtiltil gala. M"m«»dow. Thccropiirt trown in routioa indicirrtojcdon
ia crig.

ta BatW]?ttrf.br (U.

be frtoIW to tia
T«J< k t fa fata wfafcfa tfa< flrid riopi fa dMdad br tte tecrwxu T3II*c» oprautooi

Rratnple: An ovnjtr/operator proposes to close one sec-
tion of hti mill T*nAfi\l with a candy clay subsoil
cover having the sorfaca confixuration shovn in Fig-
ure 21. Th* factor £ has been established as 200 for
this locality* Th» evalnator questioos anticipated
erosion alone tne steep aide and assigns the following
values to the other factors in the USLE after inspecting
Tables 5 through 8:

K. = 0.14 LS = 8.3 C = 1.00 P = 0.90

The rate of erosion for the steep slope of th<- landfill
is calculated as follows:

A = 200 (0.14 tons/acre) (8.3) (1.00) (0.90)
= 209 tons/acre

This erosion not only exceeds a limit recommended by
permitting authority but also indicates a potential
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The. -TOInstability of knoll-like configurations to wind erosion can be
evaluated by tfr* use of. Figure 22. .An adjustment, factor is obtained as an
eroaioa lass percentage of 100 or more in comparison with, erosion loss. from.
a- similar flat surface. This factor should be used to estimate the effects
of aidea of landfill* that may present a fcnoll-lifce configuration toward the
prevailing winds.

TOO

«oo u
900

£300

V)

3.

WtKOWMB KNOU. SLOPE CPBCOm
n

figure 22, Knoll adjustment, (a) from top
of knoll and (b) from upper
third of slope. W (Reproduced
by permission of Soil Science
Society of America.)

Another general rule of thumb
slope on which vegetation r**tt be

provides that IV on 2H is the ain'tmim
Tf.3h<?<? and w4nt-*inr~Al assuming ideal

soil with lov credibility and adequate moisture-holding capacity. In soils
less than ideal, Houdmrs vegetative stability cannot be attained on slopes
steeper than about IV on 3H. Optimum vegetative stability generally re-
quires slopes of IV oa 4H or flatter. Similarly, there are limits to the

stowing TP ̂ nt"-**?*"'** is planned. The limit C^TT be as lov as
IV on €H for grassed ditches where two slopes meet at the bottom, but more
commonly the limit is about IV on 3H.

DRAIHAGE EVALUATIQH' PROCEDURE

Check Overall Surface Drainage System Step 21

FT«rm'Ti>. the documentation to establish that drainage of surface runoff
froa the covered area and surroundings has been thoroughly addressed. Maps
presenting topography or other descriptions of surface configuration should
be carefully reviewed to see that rainfall or HQOW melt on anypart of the
aite ia free to move downslope without encountering obstacles that, might
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Calculation Packages

A. Laboratory Testing for Infiltration Analyses

B. Weather Data for Infiltration Analyses

C. RCRA Subtitle C Equivalent Cover

D. RCRA Subtitle D (CCR Title 27) Equivalent Engineered Soil Cover

E. RCRA Subtitle D (CCR Title 27) Equivalent GCL Cover

F. RCRA Subtitle D (CCR Title 27) Equivalent Asphalt and Concrete Cover
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A. LABORATORY TESTING FOR
INFILTRATION ANALYSES



A. Laboratory Testing for Infiltration Analyses

In order to select suitable representative samples for hydraulic characterization of the cover, bulk samples
of soil were collected from the upper 5 feet of existing cover from each of 13 borings (G-01 through G-
13). The borings, distributed within the Subtitle C 'Dial' area, and the surrounding Subtitle D area are
considered representative of the existing cover soils within the project area. The thirteen bulk samples G-
1 through G-13 are considered to be representative of the range of anticipated soil types for engineered
soil covers and cover components proposed for the site. Results of geotechnical and hydraulic laboratory
testing performed on these samples for infiltration analyses are summarized in Table A-l. Geotechnical
testing was performed at the Kean Tan laboratory in Southern California. Unsaturated Hydraulic
characteristics tests were performed at the Daniel B Stephens and Associates (DBSA) laboratory in New
Mexico.

A.I Geotechnical Characteristics

Laboratory geotechnical tests included classification tests (Atterberg limits and gradation) and Modified
Proctor compaction tests, and flexible wall saturated hydraulic conductivity tests (ASTM D5084) on
samples remolded to 85 percent and 90 percent of maximum dry density (ASTM D1557). Based on the
laboratory test program the following conclusions may be made regarding the cover material
characterization:

• Existing Cover soils within upper 5 ft are predominantly Clayey Sand (SC) with varying amounts
of Gravel. Limited areas of Sandy Clay (CL) and Clayey Gravel (GC) were encountered.

• Gravel Content ranges from 13% to 50% (average 25%). Typically gravels are finer than % -
inch. Grain size curves show that up to 5% of particles are greater than % - inch.

• Fines content ranges from 17% to 54% (average 34%). Fines are predominantly lean clays (CL)
with LL= 23 to 30 and PI = 11 to 16.

• Maximum dry density (ASTM D1557) ranges from 121 pcf to 129 pcf (average = 124 pcf);
optimum moisture content (OMC) ranges from 9% to 12% (average = 10%).

Flexible wall saturated hydraulic conductivity tests (ASTM D5084) were performed on four
representative samples of soil (G-01, G-05, G-09 and G-13) remolded to 85% and 90% of maximum dry
density (ASTM D1557). The samples were screened through the 3/4 -inch sieve, remolded to 4-inch
diameter samples and tested under confining pressure of 5 psi. The larger diameter remolded samples
were used so that the significant gravel size component of the soil could be incorporated into the test
sample, i.e. the sample diameter is greater than 5 times the maximum particle size.

The results (Table A-l) show that the average (geometric mean) saturated hydraulic conductivity (Ks) of
material remolded to 85% relative compaction (RC) is 6.7E-05 cm/sec; the average Ks (geometric mean)
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of material remolded to 90% RC is 3.5E-05 cm/sec. The Ks values decrease with increasing fines
content; and decrease with decreasing gravel content. This is illustrated in Figures A-l and A-2. These
relationships of Ks with fines content and gravel content may be used as the basis of developing material
specifications for the engineered cover soils.

Ks values were also determined on the five representative soil samples (G-03, G-04, G-06, G-08 and G-
12) selected for unsaturated testing, as part of the suite of tests for unsaturated hydraulic characteristics.
These tests were constant head hydraulic conductivity tests performed on samples remolded to 85% RC.

Constant Head hydraulic conductivity tests generally resulted in lower Ks values (geometric mean of
2.49E-04 cm/sec) than ASTM D5084 tests (on average by a factor of 4). The ASTM D5084 tests samples
are enclosed in a flexible membrane and subjected to a confining pressure of 5 psi, prior to testing. The
confining pressure of 5 psi was chosen to represent anticipated overburden pressures within the cover
system, and be sufficiently large to prevent leakage of pore fluid between the sample and membrane. The
constant head test samples on the other head were remolded in a fixed ring permeameter and tested with
no confining pressure. The discrepancy of Ks values between the two test methods may be attributed to
the following reasons:

• Because of the large gravel content in the soils tested, the contact between the constant head test
sample and the sides of the rigid permeameter is expected to be such that leakage between the
sample and the mold is very likely. In the ASTM D5084 test, the flexible membrane under
confining pressure prevents any leakage, and therefore the measured Ks values are lower.

• Ks values generally decrease with increasing confining pressure; since the constant head tests
were performed with zero confining pressure, constant head Ks values are expected to be slightly
higher than ASTM D5084 values.

Since the ASTM D5084 is a more reliable test (controlled confining pressures and no leakage), and is the
more accepted method by the regulatory community, the results of the ASTM D5084 tests will be used in
lieu of the Constant Head Ks tests for infiltration modeling. The ASTM D5084 test will also be used as
the QA/QC test method for Ks during construction.

A.2 Unsaturated Hydraulic Characteristics

The unsaturated hydraulic characteristics of soils may be represented by two functions: the moisture
storage function relating volumetric moisture content to soil suction, and the hydraulic conductivity
function relating hydraulic conductivity to soil suction.

The van Genuchten (1980) function was used to describe the volumetric water content/soil suction
relationship, as

Where:
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m = 1 - l/»

0 = volumetric moisture content

9r = residual volumetric moisture content

6S = saturated volumetric moisture content

h = suction head

a and « = parameters that define the shape of the characteristic curve

The second function, relating the hydraulic conductivity to soil suction is based on the Mualem
conductivity model (Mualem, 1976) and may be expressed as

Where K is the unsaturated hydraulic conductivity and Ks is the hydraulic conductivity at saturation. The
unsaturated hydraulic characteristics of a soil can, therefore, be described by five (5) independent
parameters: 9r, 6S, a, n, andKs.

Five representative samples (G-03, G-04, G-06, G-08 and G-12) were selected and remolded to
approximately 85% of the maximum dry density in a 6-inch diameter mold and tested to obtain
unsaturated hydraulic characteristics (KSt Br, 0Si a and «). Testing was conducted at the Daniel B Stephens
and Associates Laboratory in Albuquerque, New Mexico (DBS&A). The results of the laboratory testing
on these five remolded samples are summarized in Table A-l. Detailed results are provided in Appendix

In order to cover the full range of pore pressure or suction values ranging from positive pore pressures
(saturated conditions) to large values of negative pressure head (typically on the order of 1 x 106 cm of
water for low values of moisture content), a single test setup is inadequate. Typically, different types of
tests based on various Soil Science Society of America (SSSA) and ASTM methods are performed for
different pressure head ranges on the same sample to obtain a complete characteristic curve. The suite of
tests conducted on each sample were as follows:

Test Test Standard Range of Negative Pore Pressure
(cm of water)

Hanging Column Method Methods of Soil Analyses (MOSA), 0-150
Ch. 26 (SSSA, 1986)

Pressure Plate Method ASTM D2325/MOSA Ch. 26 1 50 to 5000
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Water Activity Meter MOSA, Ch. 24 5 x 103 to 5 x 104

Relative Humidity Box MOSA, Ch. 26 > 5 x l 0 4

A total of 7 or 8 data points were generated from the above suite of tests. The volumetric water content
functions were then derived by best-fitting the van Genuchten (1980) curve through the individual data
points. The van Genuchten parameters in conjunction with the Ks value define the unsaturated hydraulic
conductivity function for the material.

Previously (prior to the TM-15 program), a single bulk sample (TS-085) of the existing cover soils was
remolded to approximately 85% and 90% of maximum dry density and tested for hydraulic
characteristics. The sample tested (TS-085), had 27% gravel, 38% sand, and 35% fines (with liquid limit
of 30 and PI of 9), and was classified as clayey sand with gravel (SC). The sample was remolded to 2.5 -
inch diameter test specimens for testing. The hydraulic parameters for Sample TS-085 remolded to 85%
and 90% RC are summarized in Table A-2.

The volumetric water storage functions and the relative hydraulic conductivity functions for all of the
cover soil samples remolded to 85% RC are illustrated in Figures A-3 and A-4, respectively. The figures
include the results for the five TM-15 samples and the previously tested sample (TS-085). The figures
show that the moisture storage and relative hydraulic conductivity functions of all six 85% RC samples
fall within a relatively narrow range. The plots also show the average of the five TM-15 samples (plotted
based on the average van Genuchten parameters). The parameters representing the average curve were
used to model the hydraulic characteristics of the engineered soil cover (Monocover).

The moisture storage function and hydraulic conductivity function for the two TS-085 samples (remolded
to 85% and 90% RC, respectively) are shown in Figures A-5 and A-6. The results show that changing the
degree of compaction from 85% to 90% has only a minor impact on the moisture storage and hydraulic
conductivity functions.

The unsaturated hydraulic parameters described above will be used as input for the infiltration modeling
of engineered soil covers constructed with existing on - site cover soils. The van Genuchten parameters
will be used as input for the UNSAT-H model. The wilting point and field capacity values required for
HELP Model simulations will be obtained from the soil moisture storage functions.

A.3 References
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Table A-1
Laboratory Test Program for Infiltration Analyses

WDI Superfund Site -TM 15

Boring

G-01
G-02
G-03
G-04
G-05
G-06
G-07
G-08
G-09
G-10
G-11
G-12
G-13

Location

RCRA Area
South
South

Southeast
Southeast

East
East

RCRA Area
RCRA Area
RCRA Area

North
North
North

Sample

Bulk
Bulk
Bulk
Bulk
Bulk
Bulk
Bulk
Bulk
Bulk
Bulk
Bulk
Bulk
Bulk

Depth
(ft)

0-5
0-5
0-5
0-5
0-5
0-5
0-5
0-5
0-5
0-5
0-5
0-5
0-5

uses
Class

CL/SC
SC
SC
SC
SC
SC
SC
SC
GC
SC
SC
SC

SC/GC

Soil
Description

sandy lean day
clayey sand w/ gravel
clayey sand w/ gravel
clayey sand w/ gravel
clayey sand w/ gravel
clayey sand w/jjravel
clayey sand w/ gravel
clayey sand w/jjravel
clayey gravel w/ sand
clayey sand w/ gravel
clayey sand w/ gravel
clayey sand w/ gravel
clayey sand w/ gravel

Laboratory Test Results
Sieve

Analyses
GR:SA:FI
13:33:54
27:39:34
25:40:35
20:43:37
15:45:40
18:43:39
25:48:27
15:42:43
50:29:21
34:40:26
18:40:42
28:47:25
41:42:17

Atterberg
Limits

LLPLPI
31:15:16

31:15:16
26:15:11
23:12:11
26:14:12

30:17:13

Modified
Compaction i

MaxDD
123.0

120.5
123.0
125.0
124.0

128.5

125.0
126.5

Proctor
ASTM D1 557)

OMC
12.0
11.5
11.5
11.5
10.0
11.0
10.0

9.0

9.5
9.0

Sat. Hyd. C<
(ASTM DSO
85% RC
1.60E-05

3.20E-05

1.60E-04

2.40E-04

inductivity*
84) cm/sec

90% RC
9.30E-06

2.20E-05

3.90E-05

1.80E-04

Ks"
(cm/sec)

1.60E-04
6.50E-04

2.00E-04

1.60E-04

2.90E-04

Unsatu
a

(1/cmJ_

0.043
0.028

0.020

0.004

0.020

ated Parai
n

1.232
1.258

1.231

1.267

1.236

neters *
0,

0.39
0.41

0.40

0.37

0.39

0,

0
0

0

0

0

Mean 124.4 10.4 6.66E-05 3.46E-05 2.49E-04 0.023 1.245 0.39

Undisturbed Samples

G-08
G-09

RCRA Area
RCRA Area

Drive
Drive

1.5
5.5

SC
SC

Insitu C<
Dry density

(pcf)
94.3
105.6

mditions
Moisture

(%)
8.1
13.9

Sat. Hyd.
Conductivity

(cm/sec)
3.70E-06
6.00E-07

Notes: * Saturated hydraulic conductivity tests (ASTM D5084) on bulk samples screened through 3/4 -inch sieve and remolded to 4-inch dia test samples
at 90% and 85% of maximum dry density @ optimum moisture content (ASTM D1557)
* Unsaturated hydraulic parameters obtained by SSSA methods on 6 - inch dia samples remolded to 85% of maximum dry density (ASTM D1557)
** Ks -saturated hydraulic conductivity by constant head method, performed as part of the unsaturated suite of tests



Table A-2
Unsaturated Hydraulic Characteristics for Sample TS-085

WDI Superfund Site

Sample #

TS-085
TS-085

Remolded
Dry

Density
(pcf)
106.7
112.3

Initial Moisture
Content

(gravimetric %)
6.6
7.1

Approximate
Relative

Compaction
(%)
85
90

Calculated
Porosity

(%)
35.5
32.2

Ks

(cm/sec)
2.70E-05
5.40E-06

e,

0.0163
0.00

es

0.3457
0.3237

a
(1/cm)
0.0118
0.0045

n

1 .2788
1.2814

Notes:
Samples were remolded to 2.5 - inch diameter test specimens
Ks Saturated Hydraulic Conductivity
Qr Residual Volumetric Moisture Content
9S Saturated Volumetric Moisture Content
a, n Van Genuchten Parameters
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B. WEATHER DATA

Weather and climate data required for the infiltration modeling includes daily values of precipitation,
maximum and minimum temperature, dew point, solar radiation and wind speed. Two primary sources
were reviewed and evaluated for relevant data from monitoring stations close to the WDI site. These
sources included:

• The National Oceanic and Atmospheric Administration (NOAA) web site for long-term information
on precipitation at National Weather Service stations in the vicinity of the project site

• The California Irrigation Management Information System (CIMIS) web site for records on
precipitation, temperature, dew point, solar radiation and wind speed at California Department of
Water Resources weather stations located in the vicinity of the project site.

The NOAA weather station closest to the project site with long-term precipitation records is the
Downtown Los Angeles station located approximately 13 miles away. Annual rainfall data for
Downtown Los Angeles from 1920 to the present is shown on Figure B-l. The figure also shows the
average rainfall for the 80-year period (14.8 inches), and the running 5-year average rainfall (average of
the previous 5 years). The closest CIMIS weather station to the project site with all of the climate
information required for unsaturated flow modeling (daily values of precipitation, maximum and
minimum temperature, dew point, solar radiation and wind speed) is the Pomona Station located
approximately 12 miles away. The Pomona station is located at an elevation of 730 feet above mean sea
level (MSL), compared to the project site elevation of approximately 165 feet MSL. Daily weather
records at the Pomona station are available from March 1989.

The data on Figure B-l shows that the average annual rainfall for the Los Angeles basin is 14.8 inches.
The wettest 5-year period on record at this station occurred from 1937 through 1941, with a 5-year
average of 22.7 inches. However, the detailed daily weather data required for modeling purposes is not
available for this period. The most recent period with a significant 5-year rainfall average for which
detailed daily weather records are available, occurred in the early nineties (Figure B-l). Accordingly, the
5-year period from 1991 through 1995 was selected as the model design simulation period. The annual
precipitation record at the Pomona weather station for this 5-year simulation period is shown in Figure B-
2. The average rainfall during this period of 19.65 inches is only about 3 inches lower than the maximum
recorded 5-year average of 22.7 inches. The simulation period includes 3 years for which the annual
rainfall (22.28 inches, 27.96 inches and 23.04 inches) exceeded the 70-year mean + 1 standard deviation
for the area.

The daily weather data for the 5-year design simulation period was used for both UNSAT-H and HELP
model analyses

C:\Project Files\01 -123\Monocover.doc



30-Year Simulation for HELP - Model Analyses

In addition to the 5-year design - simulation period described above, a long-term, 30-year simulation
period was employed to evaluate the long-term performance of the alternative covers with the HELP
Model. Daily weather data (precipitation, temperature and solar radiation) for the 30 - year simulation
were stochastically generated by the HELP Model. The HELP Model generates this synthetic data based
on the generation parameters available for the local region, and biased by the monthly average values for
precipitation and rainfall for the site. The monthly averages for the site were obtained from the design 5-
year simulation period described above. The minimum and maximum values of annual rainfall for the 30
- year simulation period were 9.45 inches and 34 inches, respectively. The 30-year precipitation data
used for the simulations is shown in Figure B-3.

C:\ProjectFiles\01-123VMonocover.doc
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C. RCRA SUBTITLE C EQUIVALENT COVER

C.1 Objective

To evaluate and compare hydraulic performance of alternative designs for the RCRA Subtitle C
cover, and select an equivalent alternative cover design. The RCRA Subtitle C cover is proposed for
the 'Dial' area of the WDI site. The evaluation of hydraulic performance and equivalence
demonstration of alternative covers are performed using the HELP Model, Version 3.07 (Schroeder et
al, 1997).

C.2 Alternative Cover Designs:

Three alternative cover designs to the RCRA Subtitle C cover were evaluated. The prescriptive
Subtitle C cover and the three alternatives are illustrated in Figure C-l.

The prescriptive RCRA Subtitle C cover for the site consists of (from top to bottom): 2-foot thick
vegetation / top soil layer; filter layer; 1-foot thick gravel drainage layer; geomembrane layer
(minimum 20 mil thick); and a 2-foot thick low-permeability soil (barrier) layer with a hydraulic
conductivity of 1 .OE-07 cm/sec or lower; underlain by the gas collection system and foundation layer.

In Alternative 1, the 1-foot thick gravel drainage layer is replaced by a geocomposite drainage net,
and the composite geomembrane / low-permeability soil layer is replaced with a composite 60-mil
thick HDPE geomembrane / bentonite layer (i.e. 'Gundseal' or equivalent). The other layers remain
unchanged.

Alternative 2 is similar to Alternative 1, except that the geomembrane / bentonite composite
(Gundseal or equivalent) is replaced by a 60-mil thick HDPE geomembrane layer on a geosynthetic
clay liner (GCL).

In Alternative 3, the composite geomembrane / low-permeability (Ks= 1 .OE-07 cm/sec) soil layer of
the prescriptive system is replaced by a 60 mil thick HDPE geomembrane on a 2-foot thick low-
permeability layer consisting of selected site soils recompacted to 90% of maximum dry density
(ASTM D1557) to give a hydraulic conductivity of l.oE-05 cm/sec or smaller.

C.3 HELP Model Analyses

The infiltration analyses consisted of HELP model simulations of the prescriptive Subtitle C cover
and the three alternatives under the design simulation period. Two different simulation periods were
considered:

• A 5 - year sequence representing one of the wettest 5- year periods on record for the area
• A long-term 30 year simulation period

The water balance equation that forms the basis of the HELP Model analyses is:

= P-ET-R-Perc-L
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Where
AS = change in moisture storage in soil
P = precipitation
ET = evapotranspiration consisting of evaporation and transpiration
R = runoff
Perc = Percolation through the bottom of the cover
L = Lateral drainage

The water balance equation states that the change in the amount of water stored in the soil cover is
equal to the total precipitation, minus the amount of water lost to surface runoff, evaporation,
transpiration and percolation into the landfill. For the project site, precipitation consists of rainfall on
the cover surface. It was assumed that no supplementary irrigation is applied on the cover surface to
maintain/promote vegetation growth.

Percolation is the quantity of downward flow through the bottom of the cover system being
simulated. This represents the quantity of flow into the landfill. Percolation is the parameter used to
compare the performance and demonstrate equivalence of alternative cover systems.

The Input parameters for the HELP Model may be grouped into the following categories:
• Cover geometry (slope, layer thickness, drainage length)
• Weather related parameters (rainfall, temperature and solar radiation)
• Material parameters (porosity, wilting point, field capacity, saturated hydraulic conductivity,

and initial moisture content)
• Vegetation characteristics (LAI, quality of vegetation, and rooting depth)

Each of the input categories is discussed below.

C.3.1 Cover Geometry

The cover layer system geometry of each of the 4 covers modeled is illustrated in Figure C-2. The
upper 2-foot vegetative layer is the same for the prescriptive cover and all three of the alternatives.
Each of the cover systems is underlain by a gas collection system and foundation layer. Since these
two layers do not have a percolation control function, they were not included in the cover geometry
simulated in the HELP Model analyses.

In order to calculate runoff, The Subtitle C 'Dial' was assumed to have a 2% slope and a maximum
slope length of 335 feet. The Runoff Curve number was found to be in the range 80.1 to 85.6. The
former (80.1) was obtained by modifying the curve number obtained from Figure 2 of the User's
Guide for HELP (pp 36) to a slope of 2% and a slope length of 335 feet. The latter (85.6) was
obtained by providing slope, slope length, soil texture and vegetation information (fair strand of
grass). Both values were used in a parametric study, and the more conservative value of 80.1 was
chosen for the simulations.
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C.3.2 Weather Data

The weather and climate data used for the 5-year and 30-year design simulation periods is discussed
in detail in Section B of this Calculation Package. The data required for the HELP model includes
daily values of precipitation, temperature, solar radiation and evapotranspiration.

For the 5-year simulation, recorded data for the Pomona CIMIS weather station from 1991 through
1995 was used. For the 30-year, long-term simulation, stochastically generated (by the HELP Model
based on monthly averages for the site) weather data was used.

C3.3 Material Parameters

Material properties required for the analyses include porosity, field capacity, wilting point and
saturated hydraulic conductivity (Ks). The selected input parameters for the various components of
the cover system are shown on Table C-l, and illustrated in Figure C-3. Results of laboratory testing
for infiltration analyses are discussed in Section A of this calculation package.

The 2 -foot thick vegetative layer for all of the cover systems was assumed to consist of on-site cover
soils recompacted to a relative compaction of 85% (ASTM D1557). The field capacity, wilting point
and porosity of the vegetative cover was obtained as an average value from the 5 moisture storage
curves developed for 85% RC remolded materials for the site (Table A-l). The Ks value for the
vegetative soil layer was taken as the average of the ASTM D5084 hydraulic conductivity results, i.e.
6.70E-05 cm/sec (Table A-l). The Ks for the upper half of the vegetative soil layer was multiplied by
3 to allow for root channels (Table C-l, Figure C-3), as recommended by the HELP manual.

Material parameters for the gravel drainage layer, synthetic drainage net, bentonite layer, GCL and
prescriptive low-permeability soil barrier layer (Ks=1.0E-07 cm/sec) were default values
recommended by the HELP Manual. The Ks for bentonite and GCL was conservatively selected as
l.OE-08 cm/sec.

Field capacity, porosity and wilting point for the low-permeability layer of Alternative 3, was selected
from the moisture storage curve for sample TS-085 remolded to 90% RC (Table A-2). The Ks value
for this layer was assigned to be 1 .OE-05 cm/sec, based on the results of the hydraulic conductivity
tests on the sample.

The following quality assumptions were made for the HDPE geomembrane layer
Pinhole Density = 1 hole/acre (0.5-1 range)
Installation defects = 7 holes/acre (4-10 Fair)
Placement quality = 3 (Good)

The HDPE/bentonite composite (Gundseal or equivalent) in Alternative 1 was modeled as two
separate layers (HDPE and Bentonite), as in the case of the HDPE and GCL in Alternative 2.
Therefore Alternatives 1 and 2 are hydrologically similar.

C.3.4 Vegetation Parameters

The following vegetation related parameters were used in the analyses

• Evaporative zone depth - vegetative cover depth
• Leaf Area Index - 2
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• Growing season start day - 285
• Growing Season end day - 151
• Average wind speed - 3.03 (average of 5 year recorded data)

C.4 Results of Model Simulations

The results of the 5-year water balance analyses for the RCRA Subtitle C cover, consisting of annual
and cumulative values of the various components of the water balance is shown in Figure C-4.
Results of the 5-year water balance analyses for Alternatives 1 / 2 , and Alternative 3 are shown in
Figures C-5 and C-6, respectively. Alternatives 1 and 2 were modeled to be hydrologically the same,
and therefore yielded identical results. The cumulative percolation for all four cover systems through
the 5-year simulation period are compared in Figure C-7. The results of the long-term, 30-year
simulation period are shown in figure C-8. The results show the percolation through all four cover
systems is very small in comparison to the quantity of precipitation. However, the percolation
through Alternatives 1 and 2 are smaller than the percolation through the prescriptive Subtitle C
cover, whereas the percolation through Alternative 3 is more than an order of magnitude larger.

C.5 Conclusions and Recommendations

The results of the simulation show that either Alternative 1 or Alternative 2 may be used as an
alternative to the prescriptive RCRA Subtitle C cover. Alternative 3 is not recommended. The
choice of the appropriate alternative (between Alternatives 1 and 2) for the site may be based on
economic and constructability considerations.

C.6 References

Shroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L. (1994,
Updated 1997). "The Hydrologic Evaluation of Landfill Performance (HELP) Model: Engineering
Documentation for Version 3," EPA 600/9-94/xxx, U.S. Environmental Protection Agency Risk
reduction Engineering Laboratory, Cincinnati, OH.
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RCRA Subtitle C
2 ft thick vertical percolation layer
Ks=6.7E-05 cm/s

Layer

1
2
3
4
5

t
(in)

12
12
12
0.02
24

HELP
model
Texture
50*
51*
21
35
16

Alternative 1
Layer

1
2
3
4
5

t
(in)

12
12
0.2
0.06
0.2

Ks
(cm/s)

2.0E-4
6.7E-5
3.0E-1
2.0E-13
l.OE-7

HELP
model
Texture
50*
51*
20
35
60*

Alternative 2
Layer

1
2
3
4
5

t
(in)

12
12
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0.06
0.2

Description
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Gravel
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Barrier

Ks
(cm/s)

2.0E-4
6.7E-5
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Texture
50*
51*
20
35
60*

soil
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1
2
3
4
5

t
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12
12
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24
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model
Texture
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Ks
(cm/s)

2.0E-4
6.7E-5
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2.0E-13
l.OE-5

Description

Veg. layer w/roots
Veg. layer w/o roots
Geonet
FML (HOPE)
Low perm, layer

*-User defined Textures
Tex.# Total

Porosity
50 0.366
51 0.366
55 0.322
56 0.32
60 0 .75

Field
Capacity
0.357
0.357
0.32
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0.747

Wilting
Point
0.097
0.097
0.1
0.1
0.4
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Annual Water Budget for RCRA
Year
Precipitation (in)
Runoff (in)
Evapotranspiration (in)
Lateral drainage (in)
Percolation (in)
Change in water storage (in)

1
15.65
0.18

9.948
5.5301

0.000255
-0.009

2
22.28
0.311

11.256
9.2582

0.000405
1.455

3
27.96
2.473
9.97

19.0795
0.000791

-3.563

4
9.34

0.023
7.996

1.0074
0.000052

0.313

5
23.04
1.016

11.567
11.0421

0.000478
-0.586

Cumulative Water Budget
Year
Precipitation (in)
Runoff (in)
Evapotranspiration (in)
Lateral drainage (in)
Percolation (in)
Change in water storage (in)

1
15.65
0.18

9.948
5.5301

0.000255
-0.009

2
37.93
0.491

21.204
14.7883
0.00066

1.446

3
65.89
2.964

31.174
33.8678

0.001451
-2.117

4
75.23
2.987
39.17

34.8752
0.001503

-1.804

5
98.27
4.003

50.737
45.9173

0.001981
-2.39

120

100

80

o 40

20

•*— Rainfall
•— Runoff
•A-ET
•— Lateral drainage

I -*— Percolation
—•— Change in storage

-20
3

Year

Advanced
Earth Science*, Inc.

Project No.: 01-123
WDI Superfund site

Unsaturated flow modeling

Cumulative Water Balance for
RCRA Subtitle C Cover

Date: Figure C-4



Annual Water Budget for Alternative 1
Year
'recipitation (in)

Runoff (in)
Evapotranspiration (in)
.ateral drainage (in)
•ercolation (in)

Change in water storage (in)

1
15.65

0.19
9.265
6.199

0.000004
-0.005

2
22.28
0.356

11.338
9.5079

0.000072
1.078

3
27.96
3.343
9.577

18.231
0.000888

-3.192

4
9.34

0.023
8.264

0.7408
0.000001

0.311

5
23.04

1.04
11.511

11.0743
0.000171

-0.586

Cumulative Water Budget
Year
Precipitation (in)
Runoff (in)
Evapotranspiration (in)
Lateral drainage (in)
Percolation (in)
Change in water storage (in)

1
15.65

0.19
9.265
6.199

0.000004
-0.005

2
37.93
0.546

20.603
15.7069

0.000076
1.073

3
65.89
3.889
30.18

33.9379
0.000964

-2.119

4
75.23
3.912

38.444
34.6787

0.000965
-1.808

5
98.27
4.952

49.955
45.753

0.001136
-2.394

120

100

80 i—

60

• Rainfall
• Runoff
•ET
• Lateral drainage
• Percolation
• Change in storage

c

I 40

20 -

0 -f

0 3

Year

Advanced
Earth Science*, Inc.

Project No.: 01-123
WDI Superfund site

Unsaturated flow modeling

Cumulative Water Balance for
Alternatives 1/2

Date: Figure C-5



Annual Water Budget for Alternative 3
Year
Precipitation (in)
Runoff (in)
Evapotranspiration (in)
Lateral drainage (in)
Percolation (in)
Change in water storage (in)

1
15.65
0.19

9.237
6.2266

0.000403
-0.004

2
22.28
0.356

11.339
9.5048

0.002604
1.078

3
27.96
3.339
9.583

18.2072
0.021916

-3.192

4
9.34

0.023
8.307

0.6979
0.000041

0.312

5
23.04

1.04
11.502

11.0788
0.005518

-0.586

Cumulative Water Budget
Year
Precipitation (in)
Runoff (in)
Evapotranspiration (in)
Lateral drainage (in)
Percolation (in)
Change in water storage (in)

1
15.65
0.19

9.237
6.2266

0.000403
-0.004

2
37.93
0.546

20.576
15.7314

0.003007
1.074

3
65.89
3.885

30.159
33.9386

0.024923
-2.118

4
75.23
3.908

38.466
34.6365

0.024964
-1.806

5
98.27
4.948

49.968
45.7153

0.030482
-2.392

120

100

Rainfall
Runoff

—*— Lateral drainage
80 -— —3(6- Percolation

—•— Change in storage

3
Year

Advanced
Earth Science*, Inc.

a Environment/ C

Project No.: 01-123
WDI Superfund site

Unsaturated flow modeling

Cumulative Water Balance for
Alternative 3

Date: Figure C-6



ANNUAL PERCOLATION (cu. ft)
YEAR

1
2
3
4
5

RCRA
7.495
11.920
23.264

1.528
14.054

ALT. 1/2
0.113
2.114

26.095
0.016
5.021

ALT. 3
11.832
76.551

644.382
1.192

162.256

CUMULATIVE PERCOLATION (cu. ft)
END OF
YEAR

0
1
2
3
4
5

RCRA

0
7.495
19.415
42.679
44.207
58.261

ALT. 1/2

0
0.113
2.227
28.322
28.338
33.359

ALT. 3

0
11.832
88.383

732.765
733.957
896.213

PERCOLATION THROUGH COVER

1000

2 3
End of Year

Advanced
Earth Science*, Inc.

and EnwvriTierital C

Project No.: 01-123
WDI Superfund site

Unsaturated flow modeling

Equivalence Demonstration for
Subtitle C Alternatives

Date: Figure C-7



1 1

Annual and Cumulative Percolation (cu. ft)

Year
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Alt #1/2
Annual

0.02
1.06

16.76
10.86
12.78
7.57
0.03
6.37
1.30
8.82
0.66
1.46
6.46
6.44
0.97
28.43
13.10
5.17
4.75
8.19
4.86
2.31
3.53
6.13
0.32
5.02
7.79
0.99
0.97
6.57

Cumulative
0.02
1.08

17.84
28.70
41.48
49.05
49.08
55.45
56.74
65.57
66.22
67.68
74.15
80.58
81.55
109.97
123.08
128.24
133.00
141.19
146.05
148.36
151.89
158.01
158.33
163.35
171.14
172.13
173.09
179.66

Alt #3
Annual

1.89
53.72

419.54
289.39
295.14
227.01

2.30
216.09
69.14
218.77
31.52
54.77
151.13
155.97
54.91
595.45
372.37
137.92
137.61
184.82
134.03
77.57
119.93
160.45
20.01
155.13
267.13
63.92
84.93
197.34

Cumulative
1.89

55.62
475.15
764.55
1059.68
1286.69
1288.99
1505.09
1574.22
1793.00
1824.51
1879.28
2030.41
2186.37
2241.28
2836.73
3209.10
3347.02
3484.63
3669.45
3803.48
3881.05
4000.98
4161.43
4181.44
4336.58
4603.71
4667.63
4752.55
4949.89

RCRA
Annual

1.87
11.20
18.43
14.20
14.06
14.01
3.07
16.54
4.96
11.94
3.76
4.57
7.59
9.30
9.32
17.93
14.20
5.35
8.56
6.59
7.31
6.08
11.13
8.18
4.99
17.02
15.57
5.18
10.31
9.87

Cumulative
1.87

13.07
31.49
45.70
59.75
73.77
76.84
93.37
98.33
110.27
114.02
118.59
126.18
135.48
144.81
162.73
176.93
182.28
190.84
197.43
204.73
210.81
221.94
230.12
235.11
252.13
267.70
272.88
283.18
293.05

PERCOLATION THROUGH COVER

«r
3

a>o.

350

300

250

200

150

100

50

T 6000

-Alt. 1/2
-RCRA
-Alt. 3

10 15 20

End of Year

25 30

Advanced
Earth Science*. Inc.

Project No.: 01-123
WDI Superfund site

Unsaturated flow modeling

Equivalence Demonstration for Subtitle C
Alternatives With 30-Year Simulation Period

Date: Figure C-8
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CONTINGENCY FOUNDATION DESIGN (GEOGRID FOUNDATION)
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WDI SUPERFUND SITE
GEOGRID CALCULATION

E.5 .1 I N T R O D U C T I O N
Calculations were performed to provide the earthwork contractor with
preliminary guidance for stabilizing localized zones of exposed
uncompacted bentonite fill material ("waste") during regarding of cover
material at the WDI site in Santa Fe Springs, California. These
calculations were performed using an assumed lowest possible California
Bearing Ratio (CBR) of 1.0, for unconsolidated bentonite, based on a
scraper axle load of 30.52 kips and a tire pressure of 40 pounds-per-
square-inch (psi), as used for the bearing capacity calculations.
Aggregate base with a CBR of 20 was assumed to be imported to the site.
Calculated base thicknesses ranged from 15.6 to 4.6 inches thick, as
shown on the attached SpectraPave2© output. SpectraPaveZ© was
written by Tensar Earth Technologies, Inc.

E.5.2 B A C K G R O U N D
In 1998, grading work was performed at the site and detailed in
"Technical Memo No. 11-Reservoir Area Grading Plans and Waste/Debris
Management As-Built Report, Waste Disposal Inc. Superfund Site" (TRC,
December 1998). Now, minor new grading is proposed to provide an
engineered cap over the waste, and possibly for redevelopment of the site
including pavements and possibly structures around the perimeter of the
site. We are unaware of any reported equipment rutting during grading in
1998. Nevertheless, we provide this suggested contingency for stabilizing
the subgrade, should shallow bentonite be encountered during cut
grading. This is a suggested methodology, and should not be considered
a specification of means and methods of construction. The earthwork
contractor may develop a more cost effective approach.

E . 5 . 3 O R G A N I Z A T I O N
Supporting data is organized as follows:

Portland Cement Association (PCA) CBR vs. Soil Classification Chart
SpectraPave2© output (4 pages)
Bearing Capacity Calculation (Su=500 psf)

UJWNEYASSOCIATES
Envlrorvrienlol/Geotechnlcal/Englneefing Services_________________________________________________PdQ6 1 Of 2

P:\REPORTS\GEOTECHNICAL\1600\1651-8A\1651-8A-REPORT\1651-8A-GEOGRID.DOC, December 3, 2002



E . 5 . 4 K E Y A S S U M P T I O N
r Scraper axle load is 30.52 kips

T Scraper tire pressure is 40 psi

T Bentonite is exposed, with Su=500 psf

E . 5 . 5 R E S U L T S
SpectraPave2© shows that 4.6 to 15.6 inches of base with or without a
geogrid, respectively, can be used to stabilize an extremely soft subgrade
with a CBR of 1.0.

E.5.6 C O N C L U S I O N
Exposed bentonite can be adequately stabilized to facilitate cover grading.

Attachments: Portland Cement Association (PCA) CBR vs. Soil Classification
SpectraPaveZ© output (4 pages)
Bearing Capacity Calculation (Su = 500 psf)

10WNEVASSOCIATES
Envtronmental/Geotechrrfcol/Engineering Services________________________________________________P3Cie 2 Of 2

P:\REPORTS\GEOTECHNICAL\1600\1651-8A\1651-8A-REPORT\1651-8A-GEOGRID.DOC, December 3, 2002
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Fig. 3. Approximate iriTerrelationchip* of coil classifications and bearing values.

(1) For the basic idea, see O. J. Porter, "Foundations for Flexible Pavements," Highway Research Board Proceedings of the Twenty-
second AnnualMccling, 1942, Vol. 22, pages 100-136.

(2) "Characteristics ol .Soil Groups Pertaining to Heads and Airfields," Appendix B, The Unified Soil Classification Sys tern, VS. Army
Corps of Knpinecrs. Technical Memorandum 3-357. 1953.

(3) "Classification of Iliphway Subpadc Malcrbls." Highway Research Board Proceedings of the Twenty-fifth Annual Meeting, 1945,
Vol. 25,paft-s 376-39:.

... (4) Airport Pat inf. U.S. Department ol Conimcicv. Federal Aviation Accncy. May I948,paj»cs 11-16. Estimated using values given in
:AA Dcsift: Manual for Airport Pavements.

(5) I . N. llvrrm. "A New Approach lor I'jvcmcnl IX-sijin." Engineering News-Record. Vol. 141. No. 2. July 8. I948,paFCs 134-139. K
is factor used in C ahlnrnu Slabik>mcicr Mnhod ol lA-Mj:n.

(6l Sec 1 A. MiddlcbrouU and G. 1 . liertunt. "Soil 'Icsls for Dcsicn of Runway Pavement;.." Highway Research Board Proceedings of
l/i, J*rnlr-*-c{>nJ.4nniialMcciinf. 19-J2. Vol. 22, paj:i- 152. * is factor used in Wi-^lerpaaid's analysis for dcsipn of concrete pavement

(7i .Siv rclcremv «.).pj/<.' IK4,



SpectraPave2 - Tensar Earth Technologies, Inc.
Copyright ©1998 - 2001

Page 1 of 4
Printed on 12/3/02 10:47:57 AM

SpectraPave2™ Software
For Subgrade Improvement and Base Reinforcement

(Release Version 2.0, October, 2001)

PROJECT INFOMAT1ON

Project Name: WDI Santa Fe Springs
Project Number: 1651-8A
Design Case:
Client:

Santa Fe Springs
CA

City/County:
State:
Zip Code:
Country:

Telephone:
Fax:
E-mail:

Los Angeles

Description:

Su=500 psf, solfl zone repair during grading

Design Firm:
Address:

Telephone:
Fax:
E-mail:

Lowney Associates
251 East Imperial Highway, Suite 470
Fullerton, CA, 92835-1063
United States
(714)441-3090
(714)441-3091

Designer:

Date: /z. /3 o £.

Checked by:

Date:

C:\TCB\Engineering\Pavement\1651-8A.spr Project Name: WDI Santa Fe Springs
Design Case:



SpectraPave2 — Tensar Earth Technologies, Inc.
Copyright ©1998, 2001

Page 2 of 4
Printed on 12/3/02 10:40:34 AM

SUBGRADE IMPROVEMENT

INPUT DATA
Axle Load =

Number of Axle Passes =

Field Subgrade CBR =

GEOGRID PROPERTIES

Geogrid Type

Rib Shape

Rib Thickness (in)

Aperture Stability
Modulus(cm-kg/deg)

Junction Efficiency (%)
(Percent of Tult)

Aperture Dimensions
(Inside to inside)

MD (in)
XMD (in)

30.52(kip)

100

1 (%)

BX1100

Integrally formed
single layer

Rectangular/Square

0.03

3.2

90

1.0
1.3

Tire Pressure =

Rut Depth =

Field Subbase CBR =

BX1200

Integrally formed
single layer

Rectangular/Square

0.05

6.5

90

1.0
1.3

40(psi)

3.0(in)

20 (%)

Other Geogrid

Woven

Rounded

0.02

2.0

50

0.75
0.75

GEOTEXTILE PROPERTIES

All geotextile meeting or exceeding the requirements for AASHTO M288-96 Class 1
Geotextile are considered to have equivalent performance.

ANALYSIS RESULTS

Unreinforced BX1100 BX1200 Geotextile Other Geoarid

Subbase Thickness (in) =

Subbase Saving (in) =

15.6 7.4

8.2

4.6 9.5

11.0 6.1

9.5

6.1

C:\TCB\Engineering\Pavement\1651 -8A.spr Project Name: WDI Santa Fe Springs
Design Case:



SpectraPave2 — Tensar Earth Technologies, Inc.
Copyright ©1998, 2001

SUBGRADEIMPROVEMENT

INPUT DATA
Axle Load = 30.52(kip)

Number of Axle Passes = 100

Field Subgrade CBR = 1 (%)

GEOGRID PROPERTIES

Tire Pressure =

Rut Depth =

Field Subbase CBR:

Geogrid Type

Rib Shape

Rib Thickness (in)

Aperture Stability
Modulus(cm-kg/deg)

Junction Efficiency (%)
(Percent of Tult)

Aperture Dimensions
(Inside to inside)

MD (in)
XMD (in)

BX1100

Integrally formed
single layer

Rectangular/Square

0.03

3.2

90

1.0
1.3

Page 2 of4
Printed on 12/3/02 10:37:28 AM

80(psi)

3.0(in)

20 (%)

BX1200

Integrally formed
single layer

Rectangular/Square

0.05

6.5

90

1.0
1.3

GEOTEXTILE PROPERTIES

All geotextile meeting or exceeding the requirements for AASHTO M288-96 Class 1
Geotextile are considered to have equivalent performance.

ANALYSIS RESULTS

Subbase Thickness (in) =

Subbase Saving (in) =

Unreinforced

20.6

BX1100

11.6

9.0

BX1200

7.1

13.5

Geotextile

14.0

6.6

C:\TCB\Engineering\Pavement\1651-8A.spr Project Name: WDI Santa Fe Springs
Design Case:



SpectraPave2 — Tensar Earth Technologies, Inc. Page 4 of 4
Copyright ©1998, 2001 Printed on 12/3/02 10:46:17 AM

SUBGRADE IMPROVEMENT COST ANALYSIS

INPUT DATA
Project Dimension:

Length = 50 ft Width = 50 ft

Aggregate Information:

Unit Weight = 133 pcf Volume Conversion Factor = 0.85

Delivered to Site Cost = 23.83 $/cy Installation Cost = 3.00 $/cy

Total In-Place Cost = 31.04 $/cy

Finished Top Grade Information:

Finished Top Grade is 0.0 in. Above Existing Grade

Cut and Removal Cost = 11.00 $/cy

Subbase Thickness (in)

Unreinforced BX1100 BX1200 Geotextile Other Geogrid

15.6 7.4 4.6 9.5 9.5

Geoarid Information

No of 13ft Roll Width = 2 Actual Each Overlap = 1.4ft

No of 9.8ft roll width = 3 Installation Cost= 0.25$/sy

Delivered to Site Cost of Geosynthetics:

BX1100 = 1.50$/sy BX1200 = 3.00$/sy

Geotextile = 0.75$/sy Other Geogrid = 4.00$/sy

RESULTS

Unreinforced BX1100 BX1200 Geotextile Other Geoarid

Unit Cost ($/sy) 18.22 10.59 8.99 12.21 15.82

Unit Savings ($/sy) 7.63 9.23 6.01 2.40

Project Cost ($) 5,060 2,941 2,496 3,391 4,394

Project Savings ($) 2.119 2,564 1,670 666

C:\TCB\Engineering\Pavement\1651 -SA.spr Project Name: WDI Santa Fe Springs
Design Case:
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Table 603.4A
Conversion of ESAL to Traffic Index

ESAL
48

194

646

1850

4710

10900

23500

47300

89800

164000

288000

487000

798000

1 270000

TI*

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

ESAL
1270000

1 980000

3020000

4500000

6600000

9490000

13500000

18900000

26 100000

35600000

48 100000

64300000

84700000

112000000

Tl*

9.5

10.0

10.5

11.0

11.5

12.0

12.5

13.0

13.5

. 14.0

14.5

15.0

15.5

600-9
July 1, 1995

*NOTE
The determination of the TI closer than 0.5 is not justified. No interpolations should be made.

Table 603.4B
Example Determination of the 20 Year Traffic Index

for an 8-lane Freeway

(1)
Vehicle Type

2-axle trucks

3-axle trucks

4-axle trucks

5-axle or more

Totals

(2)
ESAL 20 Year

Constants

1380
3680

5880

13 780
—

Outside
(3)

Expanded
Average Daily

Trucks

935

550

225

1025

Lanes
(4)

Total 20 Year
ESAL

(Col.2 x Col.3)

1 290 300
2 024 000
1 323 000

14 124 500

18 761 800

Median
(5)

Expanded
Average Daily

Trucks

235

140

55

255

Lanes
(6)

Total 20 Year
ESAL

(Col.2 x Col.5)

324 300

515 200

323 400

3 513 900

4 676 800

Traffic Index (TI) for 20 Year Design, From Table 603.4A = 12.5 11.0
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Geotechnical Design Report or Materials Report
based on availability and adequacy to meet the
project requirements. The pavement type
selection, which has a direct bearing on the base
and subbase materials to be used, is discussed
in Topics 602 and 609. As indicated in Topic
606, positive rapid drainage is very important.
Any omission of the treated permeable base
layers must be supported by appropriate written
justification, see Index 602.1.
The projected truck traffic data and ultimately
the TI for structural section design are
developed as described in Topic 603. The R-
value of the basement soil is provided in the
Geotechnical Design Report or Materials
Report. In some cases there may be significant
variations in this R-value, particularly for
projects that are several kilometers or more in
length. More than one R-value may be
designated, for economic reasons, to vary the
structural section to fit local conditions on
selected stretches within a project.
On projects utilizing ACP, with three or more
lanes in one direction, separate lane designs are
based on the different TI's for the median and
outside lanes. Determination of the ESAL's and
conversion to lane TI's is illustrated in Tables
603.4A and 603.4B. This results in variable
structural section layer thicknesses, and in steps
in the structural section layers at the lane lines
where the thickness changes.
(1) Basic Design Data. The basic design data

required for flexible pavement design
includes:
(a) R-values from the Geotechnical Design

Report or Materials Report, including
that for basement soils, and subbase.
When the basement soil is expansive,
the R-value for that soil is the
"expansion pressure R-value" (which
will result in a thicker subbase but will
not affect other layers).

(b) Number of lanes from the Project Report
(or other project approval document).

(c) Expanded annual average daily truck
traffic (AADTT) from the District
Division of Planning, for the design
period. This information is developed
and transformed into the TI, as
described in Topic 603, for use in the
design of the structural section.

(2) Structural Section Safety Factors. Con-
struction tolerances allowed by the contract
specifications could result in a structural sec-
tion that is slightly deficient in thickness.
To compensate for this possibility, a safety
factor is applied by increasing the design
thickness of the pavement. For structural
sections that include base and/or subbase
layers, a safety factor of 60 mm is added to
the required GE of the AC. Since applica-
tion of the safety factor is not intended to
increase the total GE of the structural sec-
tion, a compensating thickness is subtracted
from the GE thickness of the subbase layer.
Where there is no subbase, the safety factor
is subtracted from the base layer. In no case
is the thickness of a layer to be reduced to
less than the allowable minimum.
For structural sections that are essentially
full depth AC, a safety factor of 30 mm is
added to the required GE of the AC. When
determining the appropriate safety factor to
be added, ACB and ATPB should be
considered as part of the AC layer. Full
depth AC sections will therefore exceed the
calculated required GE by the safety factor
since there are no underlying layers to
adjust.

(3) Basic Rules for Designing Flexible
Pavements. When designing flexible
structural sections, the following basic rules
will apply:
(a) The TI is determined to the nearest 0.5.
(b) The following standard design formula

is applied to determine the GE of the
cover required over the basement soil
and intermediate structural section layers
with a known or assumed R-value:
GE = 0.975(TT)(100-R)
where:

GE = gravel equivalent in mm
TI = traffic index (See Index

603.4)
R = R-value of the material to be

covered
(c) The GE to be provided by each material

is determined in order by layer, starting
with the AC and proceeding down-
wards.
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Table 608.4

Gravel Equivalents of Structural Layers (mm)

Actual
Thickness
of Layer

(mm)
30
45
60
75
90
105
120
135
150
165
180
195
210
225
240
255
270
285
300
315
330
345
360
375
390
405
420
435
450
465
480
495
510
525
540
555
570
585
600

ASPHALT CONCRETE (OGAC)

5ft
below

5.5
6.0

«.5
7.0

7.5
(.0

Traffic Index (TI)
8.5 9.5 10.5
9.0 10.0 11.0

11.5 12.5
12.0 13.0

13.5 14.5
14.0 A up

BASE AND SUBBASE

ACB;
LCB

CTPB;
CTB
(CLA)

CTB
ATPB (Q. B) AB AS

Grarel Factor (Gf)
^ ———
2.54
76
114
152
191
229
267
305
343
381
421
473
526

--

--

•-

2.32
70
104
139
174
209
244
278
313
348
392
441
490
541
593
647

--

--

2.14
64
96
128
161
193
225
257
289
321
362
407
453
500
548
597
647
698

-

•-

2.01
60
90
121
151
181
211
241
271
302
338
380
422
466
511
557
604
652
701
750
801

•-

• Gf varies with TI4

1.89 1.79 1.71
57 54 51
85 81 77
113 107 103
142 134 128
170 161 154
198 188 180
227 215 205
255 242 231
284 269 257
318 301 287
357 338 322
397 377 359
439 416 396
481 456 434
524 497 473
568 538 513
613 581 553
659 625 595
706 669 637
753 714 680
802 759 723
851 806 767
900 853 812

901 858
949 904
998 950

997
1045ino4

1.64 1.57
49 47
74 71
98 94
123 118
148 141
172 165
197 188
221 212
246 236
275 264
308 296
343 329
379 363
415 399
452 434
491 471
529 508
569 546
609 585
650 624
692 664
734 705
777 746
820 787
864 830
909 873
954 916
1000 960
1046 1004
1093 1049
1 140 1094
1188 1140

1 187
1233
1280

——————— »

1.52 1.46
46 44
68 66
91 88
114 110
137 131
160 153
182 175
205 197
228 219
254 247
285 278
317 309
350 341
384 374
418 407
453 442
489 477
526 512
563 548
601 585
639 623
679 661
718 699
758 738
799 778
840 818
882 859
924 900
967 942
1010 984
1054 1026
1098 1069
1143 1113
1188 1156
1233 1201
1279 1245
1325 1290
1372 1336

1382

« ———

1.9 1.7
• Gf constant •

1.4 1.2

——————— »

1.1 1.0

105'
126

200
228
257
285
314
342
371
399
428
456
485
513
542
570
599

180*
204
230
255
281
306
332
357
383
408
434
459
485
510
536

147 126
168 144
189 162
210 180
231 198
252 216
273 234

252
270
288
306
324
342
360
378

1 16 105
132 120
149 135
165 150
182 165
198 ISO
215 195
231 210
248 225
264 240
281 255
297 270
314 285
330 300
347 315

330
345
360
375
390

Notes:
1. See Tables 605.1 and 608.2 for subbase, base and asphalt concrete types, abbreviations, and gravel factors (Gf).
2. Standard layer thicknesses of 75 mm and 105 mm have been adopted respectively for ATPB and CTPB. These in turn correspond respectively to

GEs of 105 mm and 180 mm. As discussed in Index 606.2(3), a thicker TPB drainage layer may be considered only under a unique combinadon of
conditions.

3. OGAC may be substituted for up to 30 mm of DGAC, as a surface layer, when warranted by conditions discussed
under Index 608.2(2), the difference in Gf not withstanding.

4. DGAC Gf also increases as the thickness increases, if the thickness is greater than 150mm - See Index 608.4(3Xg)-
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Site Plans

Improvement Plan, La Be lie Man/in, 2002

Recorded Owner List

Asphalt Deflectometer Testing and Corehole Location Map

Parcel Map



Parcel
Number

3

4

7

II

12

21

22

24

25

26

28

29

32

37

41

42
4J .
44
49
50

51

Recorded Owner

Raymond Holbrook

Air Liquide

Eugene Welter

O\ il Proclor

Onl Proctor

John Maple
Lucille Ferris
Martin fern's
John Maple

Lucille Ferris
Martin Ferris

Raymond Holbrook

Mjrvin C. Pins
Adeline Bennel
Man-in C. Pin
Adeline Benn
James Mersit
Joseph Canee
James Mersit
Joseph Canee
Marvin C. Pit
Adeline Benn
DaN id Neptune
Jovita Orleya

.Eugene Weller

Meade Peoples
Eddie Timmons

Chasm Trust
Phil Campbell

Brothers Machine &. Too!
Marvin C. Pitts
Adeline Bennet

Owner
Contact

Eileen Holbrook

Lewis Proclor

Lewis Proctor

John Maple

Lucille Ferris

John Maple

Lucille Ferris

Eileen Holbrook

Tom Mersits

Tom Mersils

Dave Neptune
Jovita Onega
Lula Graziano
John Graziano

Oanny Peoples
Eddie Timmons

Jose Razo

Phone
Number

562-402-8389

562-946-6324

562-946-6J24

805-481-7238

562-869-4143

805-181-7238

562-869-4143

5C2-402-8389

562-946-1220

562-946-1220

562-946-6377
562-902-5343
562-942-3672
707-554-5696

562-947-7725
562-946-5401

562-903-117

Unit
Number

1
2

3

4
1
1
2
3
1
2
3
4
5
6
7
8
9
10
II
12
IJ
14
15
16
1

1
j
1

'

1

1
2

• •• ''-' _/* -

1

1

1

1
1

2

1
2
3
4
5
6
7
8
9
10
1
1
1

•'-:.---•••• -.- *'•
1

i-'v'-fe'SiS.

Tenant

Metro Diesel Injection
R 4: R Sprouls

storage for R & R and C A E
Die

Staniell Brothers
Air Liquide

A &. L Sweep Systems

Vincent Williams

ARPI

Spyke. Inc.
ARPI
Vacant

Nowever

OMR Industrial Machining
Unknown

ARPI

Kin»hill Electric Contractors
R & M Maintenance

D. A. Lovell Cabinets
Talon Manufacturing

storage for Bell Auto & Paint
Frontier Music Company

Unknown
Bell Aulobodv A Paint

Action Maintenance Supply

Gold Coast Refractory

Buffalo Bullet
C i E Metal Products. Inc.

Tenant Contact

Monry Torres
Rita and Roben Orison

Vcrn Stanitll
Bruce Bcaton
Kirn Cotnes

Jim West

Wjlhe Lanham
Jim West

-;.".'• • I://'.. ''.">• *>-•*." •• .••

Nowevec

Jtfsus/Marcos Orizaba

Tenant Address

12631 Los Micros Rd
l2633LosNietosRd
12635 Los N.tt os Rd
12635 Los NieiosRd

9756 Santa Fe Springs Rd
96 10 Santa Fe Springs Rd

9618 Sanla Fe Springs Rd «l

9618 Sania Fe Springs Rd *3
96 18 Sanla Fe Sprincs Rd»l
••« •• ".:.• .'.-• - . - . - : ' - . . , -j-

9618 Sanla Fe Springs Rd »7

9618 Sania Fe Springs Rd 19

Tenant
Phone

Number
562-944-4846
562-906-0847

%!zsji$.
562-9464676
562-906-I7K
562-693-2971

562-946-5907

562-693-2983
562-946-5907
•;";•:•:<. ->*v

562-777-9119
- i- - :.- .- • : - - . -• - . •- - . - . . . • . . - • • ; - - : . :..-.; -: --.- ;-•;---;.--

Jim VWst

Metrly Marcum

9618 Sanla Fe Springs Rd »l 1

9618 Sanla Fe Sprincs Rd 01 3
9618 Sania Fe Sprmus Rd »I4
96 1 8 Sania Fe Springs Rd If 1 5
961 8 Santa Fe Sprints Rd « 16

562-946-5907

562-906-0001

• • . - . . .• . . -. . . . . . . ....

Luis Reynj

Marshal Tiemcy

Roben Black

Ronald Dahliiz
Mark Ell.s

12645 LosNietosRd
1264 7 Los NieiosRd
U649 Los Nietos Rd

9620 Santa Fe Spnngs Rd

9630 Santa Fe Springs Rd

I2637A Los NieiosRd
!2637BLosNieloRd

562-944.2707

502-941-0035

562-946-1942

562-944-0322
562-946-6661

.'--'?. £;?''V 'f -Tî -""ft"."'.'-:"\: '.''-'I '•?;•"'•' L'V ,"• '-:' '•' ." "• V ,'~ '/'•'.'.'•' '••'.'?: ̂ "'':-'--''.'^'v£*':?&

"" '. ' '•• ."i;v •'"•';•. .-'v ' • ' . ' ' • • : " •'.'-'.".' '' •' ' ' . - ' ' : ' ' '••• •''•"''- '•'?? '•

Mersits Equipment

RV Storage Lot

California Reamers
Duranco Desicns

Graziano's

Four Cs Transmission
Rick's Smoc

Unknown
Ben's Automotive

Unknown
Unknown

Leo's Lswnmower
Hemandez Auto

H & H Contractors

Airbrake Associates
Timmon's Wood Products
Sisneros Office Furniture

Tom Mersils

Dave/tori Neptune
Mano Corral

Julian Nielo

t̂t'̂ j;i,>'1»'?*'--.w:̂ '.v--A^*>
Bert Lowed

tA 3&&*& f';wifSt&ifj#f&*:s
.-s-^C^/^^^fiWWte.-^-*:-.

Leo Rojts
Oclavto Hemandez

LRocer Hall

Daniel Wedge
Ed Timmons

Dave Hodman

9640 Sanla Fe Springs Rd

12 74 7 Los NieiosRd
1 2803 Los Nieios Rd

I2807A Los NieiosRd
1 2807B Los Nieios Rd
12809 A LosNietosRd
1 2809B Los Nieios Rd
1 2811 A Los NieiosRd
1281 IB Los NieiosRd
128 IIC Los NieiosRd
1281 ID Los NieiosRd
1281 IE Los NieiosRd
1281 IF Los NieiosRd
12741 Los NieiosRd
12723 Los NieiosRd
127 17 Los NieiosRd

562-946-5707
562-946-5806

562-946-6377
562-903-9088

562-946-9272

.JW«>.«a;-
562-941 -4 502
.! -r.*^tf .:-.;••.
-•.-;̂ t*-'1 •t'-
562-944-0538
562-777-1197

562-946-5108

562-946-4960
562-946-5401
562-777-9797

*.V/iv:-!̂  m^^SSK^ '̂Kv'*̂ ^
Brothers Machine & Tool JosetUzoî w^K

9843S. GreenleafAve.
&^&^.m^-^''^K^SSvs&^H t̂tW.-

562-903-1117

^StfVW:
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PARCEL NUMBER/RECORDED OWNER '"

LEGEND

©

STTE BOUNDARY (APPROXIMATE)

PARCEL BOUNDARY (APPROXIMATE)

FENCE

EXISTING BUILDING

APPROXIMATE EXCAVATION AREA
AS IDENTIFIED IN ROD

CANOPY

PARCEL NUMBER

CURRENT TENANT

WORLD WIDE

REFERENCE: BASED ON FIGURES 3.1. TOPOGRAPHIC MAP. AND 3.2 tAND USE MAP.
FINAL REMEDIAL INVESTIGATION REPORT. EBASCO. 1989(1.

-• 3 RAYMOND HOLBROOK

^- 4 DIALOG COMPANY

_, 7 RALPH HOROWITZ

- 11 OVIL PROCTOR

- 12 OVIL PROCTOR

-- 21 JOHN MAPLE. LUCILLE FERRIS

-- 22 JOHN MAPLE. LUCILLE FERR1S

- 24 RAYMOND HALBROOK

- 25 JOE BENNETT

. 26 JOE BENNETT

- 28 JAMES MERSITS

- 29 JAMES MEF1STTS

' 30 JOE BENNETT

" 32 DAVID NEPTUNE

- 37 GEORGE ORTEGA

- 41 GENE WELTER

- 42 MEADE PEOPLES

--• 43 ED TIMMONS

^ 44 GALE SEARING

- 49 PHIL CAMPBELL

-' 50 WILLIAM ELLIOT

51 JOE BENNETT

'"'BASED ON RI (EBASCO,

200
—i—

SCALE

400 FEET

FIGURE 1.3

PARCEL MAP

WASTE DISPOSAL, INC.
SANTA FE SPRINGS, CALIFORNIA

ENVIRONMENTAL SOLUTIONS, INC.
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ASPHALT CORIM; .^D R-VALL E TEST RESITS

LOCATION

786

7-87

7«8

789

7-90

7-91

7-92

793

794

7-95

796

7-97

IHICK\tSS(I>CHtS)
PAXFMFNT

217

i i;z

27/8

1 7/8

2

11<2

21'8

3

SI-'J

21'4

3 I'B

to
(NOTE 11

ACGRF-GATF. B»SF.

2 lit

1 3/4

23.«

27/8

0

23m

23-4

3

51/4

0

35f8

0

SI RBASF SOU TYPF

B*wm Sandy Sm

Brown Sihy Clay

Brown Clayey S* wilh GfavfH

Btovm Clayey S*

Brown Gravelly S3nd 12 - 6 1.T depth)

Brown Sandy Clay with Organic OJor (>6 1/2" deptn)

Brown Gravelly Silty Sand {3 7/8 - 10' deplh)

Dark 8ro»-n Gravelly SIV Sand with Debris (* 1(r depth!

Dark Brown to Brown S3ty Fme Sand

Brown Clayey Sdt with Debris

Brown Silty day with Gravel

Brown Gravelly Sand (2 3/4 to ir depth i

Brown SiBy Fme Sand (>I7~ depth)

Brown Gravefly Sandy Sift

Brown SiRy Clay with Organic Odor

MOISTIRF
CONTF.NT(%)

16.0

161

138

17.4

92

22.4

112

105

n.sroi«2

116

151

9 1

11.4

94

16.6

R-\ Al.l'F.

79

30

52

40

41

70

48

60

19

50

58

61

LEGEND

)7-9» COREHOLE LOCATION AND DESIGNATION

————— DEFLECTION TEST STRIP AND DESIGNATION

SOOFECT

ASPHALT DEFLECTOMETER TESTING
AND COREHOLE LOCATION MAP

WASTE DISPOSAL INC
SANTA FE SPRINGS, CALIFORNIA

TOC FIGURE 3.2
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CONCRETE STRUCTURAL SECTION DESIGN
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PAVEMENT THICKNESS -INCHES

Tensile strength or
modulus of rupture, psi



APPENDIX H.9

FLOW CAPACITY OF GEOCOMPOSITE DRAIN LAYER

TftC
Customerfocused Solutions
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TRC
Date 4- 13-02 Subject

Date

QT Sheet ̂  __/_ of

. No.

2

3

4

5

6

7

8

9

10

11

12

13

14

—

18

19

21

22

23

24

25

26

27

28

29

30

31

32

33

4 .

..

-fiu ,-/

AS ,, V

x^
r'z.:,

/Is

35

36

1 2 34 5 6 7 S 9

Recyclable and made from recycled paper.

10 11 12 13 14 15 16 17 1* 19 20 21 22 23 24 25 26 27 28 29



By

Chkd.

TRC
Date

Date

subject sheet No. -2 of

3

4

5

6

7

8

9

10

11

13

14

15

16

18

19

20

22

23

24

25

26

27

30

31

32

33

34

35

36

ct

:J

) - t-)

!/ 6 lu^

/ --

*,

/'I = (2s

c-

T'"
u

/

S.O

1 i 3 4 S 6 7 8

Recyclable and made from recycled paper.

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 28
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3

4

5

6

7

8

9

10

11

12

13

15

16

"N

18

19

20

21

23

24

25

26

27

28

29

30

31

32

33

36

" •"

TRC
Date

Date r&z

Subject Sheet No. __ Of
Pro). NO.

r ~

O. 7

?

-/-.

x
* 0.62.

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 2«

Recyclable and made from recycled paper.



TRC
2^1R y < D a t e _ Subject _ _ _ ______________ Sheet N o .

Chkd. By^& Pate4--30-t>-^ _______________________________ Proj. No.

£*?- '*3

4

5

6

7

8

/3 --V -
10

^o >W ^ #«' /&-«„ ^ = ^^'O /
12

13 —•• • • -
.... ,,.-.. «______.- ' y ' ———— - ———' - ^

15

16

17

18

19

20

21 x»

22 > tb* A^?' /ft* e.*£r.ct of ~ ,--- - ,• - • , • • - --- - ' - - - - - - - -
_.-̂ .('.....̂ r̂ -JXssf^.-££>£&-&£??... ASaS*- &s<f<a-S. Of- *4iJ> CSrfF.s «!/// /r>7/vx fx-ae*r*?s't:£ \ r*->-fi

23

24

25 / ' v f r i /v^>-cr. ̂  'jij-~-v

26 ^//v * ^^ "^x -es'az^hc
27 ^&£~ v^?M./'../7(r.r //^^ ^.v .••>••>•> --.L _
2 8 , - - . . / . -

^^p " / -—• ,' » ' l-̂ ' l^tsr-jf^.- (S-^.-S^" '*- r ' ,- —. • , • ' • , ^ T- • >-tL —7C. 4^ - •- ' •"-../

29 7- ,- -. ' /I .,' rs ' f ^ f'7 - ^^ x--' "' *-- —-- - /-^^ - - .- _^ ^_.._ ̂  o-x-^-o
30

31

32 - i //
__ #-

33 ——"

34 L"*oesie-r, S^t ASfcft^t,,?
35 •»-** — / ^ _ / < _^ -̂ - , -? / X / ,£_ _ , £j

36

1 2 3 4 5 6 7 8 9 10 11 12 13 14 T5 16 17 18 19 20 21 22 23 24 25 26 27 28 29

r̂ L,̂  Recyclable and made from recycled paper.



By

Chkd

rue
Subject

Date 4—"

Sheet No. of

Pro]. No.

10

11

12

13

14

15

18

^

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

36

1 2 3 4 5 6 7 8 V

Recyclable and made from recycled paper.

10 11 12 13 14 16 16 17 18 IB 20 21 22 24 25 26 27 28 29



me
By"22l/__ Date

* *"

. By __ Date

Subject
2k* /^

/"/"
Sheet No.

Proj. No.

of

2

3

4

5

e

7

a

9

10

11

12

13

14

15

16

<&r

IB

19

20

21

22

23

24

25

28

27

28

28

30

31

32

33

a

T S

35

3»

1 2 3 4 5 6 7 8 8

Recyclable and made from recycled paper.

10 11 12 13 14 1S 16 17 18 1« 20 Z1 22 23 24 25 26 27 28 29



M»«MUM2-fOOT-THKXCX3MPACTED „'
VEGETATED LAYER SLOPED TO DRAIN ,

* * 60 MIL-THICK HOPE GEOMEMBRANE ^
' „, * „ * x BARRIER LAYER

DRAINAGE LAYERl
.> \ v \ v

X^'X'X'X'X*- Geocc*ffosrrE GAS COLLECTION LAYEB

; RXJNDAT1ON LAYER
' (MINIMUM 2-FEET-TWCK).

DETAIL
RCRA SUBTITLE C -
EQUIVALENT CAP

NOT TO SCALE

RCRA-EQUIVALENT CAP ENGINEERI

8 oz. FILTER GEOTEXTIU



SECTION 02230
GEOCOMPOSITES

PARTI GENERAL

1.01 DESCRIPTION

A. The Work includes installation of two single-sided geocomposites in the reservoir cap, one
to serve as part of the gas venting system and the other as a drainage layer for
surface infiltration.

1.02 QUALITY CONTROL

A. QC for geocomposite drainage nets consists of the following types of activities which are
described in Part 3, Execution:

1. MANUFACTURERS' certifications that materials satisfy the standard ASTM properties
and Specifications.

2. "As Received" material conformance tests.

3. Field inspections for defects, including related repairs.

B. The following ASTM Reference Standards shall be used for geocomposite drainage net:

1. ASTM D1505-Polymer Density.
2. ASTM D1238E, Method E - Polymer Melt Index.
3. ASTM D1603 - Carbon Black Content.
4. ASTM Dl 777-Nominal Thickness.
5. ASTM D3776 - Nominal Mass per Unit Area.
6. ASTM D4716 - Transmissivity at 15,000 psf.
7. ASTM D1682 - Tensile Strength/Machine Direction.

1.03 SUBMITTALS

A. No later than 15 days prior to the installation of geocomposite drainage net materials,
CONTRACTOR shall submit a Geocomposite Placement Plan providing the following
information:

1. Resume of the Superintendent to be assigned to this project, including dates and durations
for similar work.
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2. A panel layout drawing showing the installation layout and any deviations from the
Drawings. Each layout shall be adequate for use as a construction plan and shall include
dimensions, details, etc.

Installation shall not begin for any material until the respective Placement Plan is approved
by ENGINEER.

PART 2 MATERIALS

A. Geocomposite drainage net shall be Trevira 1125 geotextile thermally bonded to one side of
Polynet 3000 geonet, or equivalent material approved by ENGINEER.

PART 3 EXECUTION

3.01 MATERIAL QUALITY CONTROL DOCUMENTATION

A. Geocomposites:

1. Certification

a. Prior to installation of any geocomposite, MANUFACTURER or
CONTRACTOR shall provide CQA ENGINEER with the following
information:
• Property values certified by MANUFACTURER to meet guaranteed

specifications.
Reports on tests conducted by MANUFACTURER to verify that the
quality of the raw material used to manufacturer the geocomposite
meets MANUFACTURER'S specifications.

• Written certification that drainage net is manufactured by extruding two
sets of strands to form a three-dimensional structure to provide planar
water flow, and that the drainage net shall contain stabilizers to prevent
ultraviolet light degradation.

• Written certification that the geocomposite shall be manufactured by
heat bonding the geocomposite to the HDPE drainage net on one side.
No bum-through geocomposites, glue or adhesives shall be permitted.

• A specification for the geocomposite which includes all properties
associated with the Specifications stated in Table 02230-1 are
guaranteed by MANUFACTURER, including a signed
QC certificate(s).
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b.

• MANUFACTURER shall provide verification that the bond between
the geotextile and the HDPE drainage net shall exhibit a minimum
average peel strength of 2 pounds per inch, and a typical peel strength
of 4 pounds per inch (per ASTM D413). Peel strength shall be tested
approximately every 600 linear feet.

• MANUFACTURER shall submit samples of the geocomposite to
ENGINEER and CQA ENGINEER. MANUFACTURER shall also
furnish a complete set of written instructions for storage, handling,
installation and joining.

• QC certificates, signed by responsible party employed by
MANUFACTURER. The QC certificates shall indicate that the
materials meet the designated specification.

• MANUFACTURER shall supply the geocomposite in rolls, marked or
tagged with the following:
- MANUFACTURER'S name.

Production identification.
Lot number.
Roll number.
Roll dimensions.

CQA ENGINEER shall document that all of the geocomposite material received
is appropriately certified by MANUFACTURER, prior to its installation.

2. Conformance Testing

a. CONTRACTOR shall collect all conformance samples as directed by
CQA ENGINEER. Upon delivery of the rolls of geocomposite,
CQA ENGINEER shall ensure that conformance test samples are obtained for
the geocomposite. These samples shall then be forwarded to the geosynthetics
QAL for testing to ensure conformance to the project specifications. CQA
ENGINEER shall prepare Chain-of-Custody forms to be completed by all
parties and returned to CQA ENGINEER for QA records.

b. At a minimum the following conformance tests shall generally be performed
on geocomposites:

Polymer density.
Polymer melt.
Carbon black content.
Thickness.
Mass permit area.
Transmissivity.
Tensile strength.
Fabric weight.
Grab strength and elongation.
Trapezoidal tear strength.
Puncture resistance.
Mullen burst strength.
Water flow rate.
Permittivity.
Permeability.
Apparent opening size.
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c. These conformance tests shall be performed in accordance with the test
methods specified in the Specifications (Table 02230-1). Other
conformance tests may be required by the project specifications.

3. The rolls to be sampled shall be selected by CQA ENGINEER. Samples shall
be taken across the entire width of the roll and shall not include the first complete
revolution of fabric on the roll. Samples shall not be taken from any portion of a
roll which has been subjected to excess pressure or stretching. Unless otherwise
specified, samples shall be 3 feet long by the roll width. CQA ENGINEER shall
mark the machine direction on the samples with an arrow. All lots of material
and the particular test sample that represents each lot should be defined before
the samples are taken.

4. A lot shall be defined as a group of consecutively numbered rolls from the same
manufacturing line. Alternatively, a lot may be designated by CQA ENGINEER
based on a review of roll information including QC documentation and
manufacturing records.

5. Unless otherwise specified, samples shall be taken at a rate of one per lot, not to
exceed one conformance test per 100,000 square feet of geocomposite.

6. All conformance test results shall be reviewed and accepted or rejected by
CQA ENGINEER prior to the deployment of the geocomposite.

7. CQA ENGINEER shall examine all results from laboratory conformance testing
and shall report any nonconformance to OWNER. CQA ENGINEER shall be
responsible for checking that test results meet or exceed the property values listed
in the Specifications and review any nonconforming results with ENGINEER
prior to acceptance or rejection.

8. If a test result is in nonconformance, all material from the lot represented by the
failing test can be considered out of specification and rejected. Alternatively, at
the option of the CQA ENGINEER , additional conformance test samples may
be taken to "bracket" the portion of the lot not meeting specifications (this
procedure is valid only when all rolls onsite in the lot are consecutively produced
and numbered from one manufacturing line). To isolate the out of specification
material, additional samples must be taken from rolls that have roll numbers
immediately adjacent (next smaller and next larger) to the roll that was sampled
and failed. If both additional tests pass, only the roll that represents the initial
failed test shall be rejected. If one or both of the additional tests fail, then the
entire lot shall be rejected or the procedure repeated with two additional tests that
bracket a greater number of rolls within the lot, until passing tests are achieved on
either side numerically from the original failed roll.

9. Supplier shall be responsible for shipment and onsite storage of geocomposite
rolls. The geocomposites shall be protected from ultraviolet light exposure,
precipitation or other inundation, mud, dirt, dust, puncture, cutting, or any other
damaging or deleterious conditions. Geocomposite rolls shall be shipped and
stored in relatively opaque and watertight wrappings. Wrappings shall be
removed shortly before deployment.
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3.02 INSTALLATION

A. Geocomposite Materials

1. Handling and Installation

a. Installer shall handle all geocomposites in such a manner as to ensure they
are not damaged, and the following shall be complied with:
• Prior to installation, geocomposite materials shall be protected from

ultraviolet light exposure by using relatively opaque and watertight
wrappings and covers.

• On slopes, the geocomposites shall be securely anchored and then
rolled down the slope in such a manner as to continually keep the
geocomposite sheet in tension.

• In the presence of wind, all geocomposites shall be weighted with
sandbags or the equivalent. Such sandbags shall be installed during
deployment and shall remain until replaced with cover material.

• Geocomposites shall be cut using a geocomposite cutter (hook blade)
only. If in place, special care shall be taken to protect other materials from
damage which could be caused by the cutting of the geocomposites.

• Installer shall take any necessary precautions to prevent damage to
underlying layers during placement of the geocomposite.

• During placement of geocomposites, care shall be taken not to entrap in
or beneath the geocomposite, stones, excessive dust, or moisture that
could damage the geocomposite, cause clogging of drains or filters, or
hamper subsequent seaming.

• A visual examination of the geocomposite shall be carried out over the
entire surface, after installation, to ensure that no potentially harmful
foreign objects, such as needles, are present.

• Geocomposites shall be placed to the back wall of anchor trenches.

b. All adjacent geocomposite panels shall be overlapped a minimum of 4 inches
and thermally bonded with the approval of CQA ENGINEER.

c. CONTRACTOR shall pay particular attention to ensure that no protective
soil cover material could be inadvertently inserted beneath the geocomposite.
In general, no horizontal seams shall be allowed on side slopes, except as
part of a patch.

d. CQA ENGINEER shall preapprove geocomposite rolls for use in
construction and give an approved roll list to CONTRACTOR. CQA
ENGINEER shall observe geocomposite rolls for defects and damages
as they are deployed and ensure that deployment methods do not damage the
geocomposites.

e. Adjacent geocomposite shall be joined according to Drawings and
Specifications. At a minimum, the following requirements shall be met:

*"*"""" • Adjacent rolls shall be overlapped by at least 4 inches.
• Overlaps shall be secured by tying.
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• Tying can be achieved by plastic fasteners of polymer grade. Tying
devices shall be white or yellow for easy inspection. Metallic devices
are not allowed.

• Tying shall be every 5 feet along the slope, every 6 inches in the anchor
trench, and every 6 inches along end-to-end seams on the base of the
landfill.

• In general, no horizontal seams shall be allowed on sideslopes.

f. Each geocomposite shall be securely anchored by CONTRACTOR to
ensure that no slippage occurs during construction or operations. Details of
anchor trench construction are shown in the Drawings.

g. CONTRACTOR shall clean geomembrane layer surfaces prior to placing
geocomposite.

2. Defects and Repairs

a. Holes or tears in the geocomposite shall be repaired as follows:
• On slopes, a patch made from the same geocomposite shall be

thermally bonded into place a minimum of 6 inches beyond the hole in
all directions, in accordance with the project specifications. Should any
tear exceed 10 percent of the width of the roll, that roll shall be removed
from the slope and replaced.

• Care shall be taken to remove any soil or other material which may have
penetrated the torn geocomposite.

3. Geocomposite Protection

a. All soil materials located on top of a geocomposite shall be deployed in such
a manner as to ensure:
• The geocomposite and underlying geosynthetic materials are not damaged.
• Minimal slippage of the geocomposite on underlying layers occurs.
• No excess tensile stresses occur in the geocomposite.
• Soil does not contaminate the net.

b. Any noncompliance shall be noted by CQA ENGINEER and reported
to OWNER.

c. CONTRACTOR shall be responsible for the condition of the geocomposite
at all times until CQA ENGINEER accepts the material for placement of
overlying layers.
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TABLE 02230-1

MINIMUM PHYSICAL PROPERTIES OF
GEOCOMPOSITE

DRAINAGE NET PROPERTY SPECIFICATION

PROPERTY

Polymer Density

Polymer Melt Index

Carbon Black Content

Nominal Thickness

Nominal Mass Per Unit Area

Transmissivity at 15,000 psf

Tensile Strength/Machine Direction

TEST METHOD

ASTMD1505

ASTM D1238,
Method E

ASTM D 1603

ASTM D1777

ASTM D3776

ASTMD4716

ASTM D1682

UNIT

g/crrP

g/10 min

%

mil

lb/ft2
<*~^

\t "' /TfX,jrVse<SO

Ib/in

QUALIFIER

Minimum

Maximum

Range

Minimum

Minimum

Minimum

Minimum

VALUE

0.937

1.0

2 to 3

220

0.18

1 x ID'3

50

GEOTEXTILE PROPERTY SPECIFICATION

FABRIC PROPERTY

Fabric Weight

Thickness
Grab Strength

Grab Elongation
Trapezoidal Tear Strength
Puncture Resistance

Mullen Burst Strength
Water Flow Rate

Permittivity (Y)

Permeability (k = Yt)

Apparent Opening Size

UNIT

oz/yd2

mil

Ib

%

Ib
Ib

psi

gpm/ft^

sec"'
cm/sec

Sieve Size (mm)

TEST METHOD

ASTM D3776

ASTM D1777
ASTM D4632

ASTM D4632
ASTM D4533

ASTM D4833
ASTM D3786

ASTM D4491

ASTM D4491

ASTM D4491

ASTMD4751

QUALIFIER

Minimum

Minimum
Minimum

Minimum
Minimum
Minimum

Minimum
Minimum

Minimum

Minimum
Range

SPECIFIED
VALUES

7.5

110
210

50

75
100

380

100

1.25

0.35
70(0.210)-
100(0.149)

30747 (12/6/OI/nn)

* * * END OF SECTION * * *
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558 Designing with Geocomposites Chap!

TABLE 6.10 RECOMMENDED PRELIMINARY FACTOR OF SAFETY
VALUES TO DETERMINE ALLOWABLE FLOW RATE OF GEOCOMPOSITES

Factor of safety values for Equation 6.3

Application area

Sport fields, capillary
breaks

Roof and plaza decks
Retaining walls, seeping

rock and soil slopes
Drainage blankets
Surface water drains

for landfill caps
Secondary leachate

collection (landfill)
Primary leachate

collection (landfill)
Strip (wick) drains**
Highway edge drains

FSIH

1.0 to 1.2

1.2 to 1.4
1.3 to 1.5

1.3 to 1.5
1.3 to 1.5

1.5 to 2.0

1.5 to 2.0

1.5 to 2.5
1.2 to 1.8

FSc**

1.0 to 1.2

1.0 to 1.2
1.2 to 1.4

1.2 to 1.4
1.2 to 1.4

1.4 to 2.0\

1.4 to 2.0

1.0 to 2.5
1.5 to 3.0

FSCC

1.0 to 1.2

1.0 to 1.2
1.1 to 1.5

I.Oto 1.2
1.0 to 1.2

1.5 to 2.0

1.5 to 2.0

1.0 to 1.2
1.1 to 1.5

rsBC

1.1 to 1.3

1.1 to 1.3
1.0 to 1.5

1.0 to 1.2
1.2 to 1.5

1.5 to 2.0

1.5 to 2.0

1.0 to 1.2
1.0 to 1.2

These values assume that the qau value was obtained using an applied normal pressure of
2 to 3 times the field anticipated maximum value. If not, the values must be
increased.
**An additional term for kinking must be included, where FSKG = 1.0 to 4.0.

FS = fallow

^required
(6-4)

where

FS = the factor of safety (to handle unknown loading conditions or uncertain- |
ties in design methods, etc.),

= the allowable flow rate obtained from modifying qu\t as per Equation 6.3,
and

= the required flow rate as obtained from design of the actual system.

Note that this procedure is exactly like that described in Chapter 4 for geonets. They are,
indeed, competing geosynthetics in many application areas. An example illustrating the
use of this procedure follows:
Example:

Recalculate the retaining wall drainage problem originally given in Chapter 2 for geotextiles
(where FS = 0.078) and then again in Chapter 4 for geonets (where FS = 2.4) for the
geocomposite whose response is given in Figure 6. lOa. Recall that the required flow rate was
0.14 ft3/min-ft.
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A-ALTl.OUT
******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
** DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATION **
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
** **
** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: c:\HELP\DAT\PR.D4
TEMPERATURE DATA FILE: C:\HELP\DAT\TM.D7
SOLAR RADIATION DATA FILE: C:\HELP\DAT\SR.D13
EVAPOTRANSPIRATION DATA: C:\HELP\DAT\ET.Dll
SOIL AND DESIGN DATA FILE: C:\HELP\COV\ALT-l.DlO
OUTPUT DATA FILE: C:\HELP\OUT\A-ALTl.OUT

TIME: 8:43 DATE: 11/27/2002
******************************************************************************

TITLE: 01-123-Alt #1
******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 50

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999995000E-03 CM/SEC

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 51

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2178 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.665999978000E-04 CM/SEC

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 335.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
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WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

A-ALTl.OUT
0.0000 VOL/VOL
0.0000 VOL/VOL

0.199999996000E-12 CM/SEC

3 -

1.00
7.00
GOOD

HOLES/ACRE
HOLES/ACRE

LAYER 5

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 60

0.20 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL

0.999999994000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 80.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 335. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PR03ECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND WEATHER DATA

80.10
100.0
8.100
24.0
5.134
8.784
2.328
0.000
5.286
5.286
0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
LOS ANGELES CALIFORNIA

STATION LATITUDE = 33.80 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 285
END OF GROWING SEASON (3ULIAN DATE) = 151
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
AVERAGE ANNUAL WIND SPEED = 3.03 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 67.00 %

NOTE: PRECIPITATION DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

CALIFORNIA

NOTE: TEMPERATURE DATA FOR SAN DIEGO
WAS ENTERED BY THE USER. CALIFORNIA

NOTE: SOLAR RADIATION DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

CALIFORNIA

****************************** ***************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

3AN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC
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A-ALTl.OUT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

3
0

0
0

1
0

2
0

0
0

.15

.00

.011

.000

.559

.000

.4309

.0000

.0000

.0000

3.
0.

0.
0.

1.
0.

0.
0.

0.
0.

31
00

075
000

454
000

0000
0000

0000
0000

5
0

0
0

3
0

3
0
0
0

.72

.00

.006

.000

.268

.000

.6080

.0000

.0000

.0000

0
0

0
0

2
0

0
0

0
0

.04

.39

.000

.000

.453

.044

.1601

.0000

.0000

.0000

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

00
00

000
000

000
153

0000
0000
0000
0000

0.00
3.04

0.000
0.097

0.000
0.334

0.0000
0.0000
0.0000
0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0.032
0.000

0.084
0.000

0.000
0.000

0.000
0.000

0.050
0.000
0.126
0.000

0.002
0.000

0.006
0.000

0.000
0.000
0.000
0.000

0.000
0.000

0.000
0.000

************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

INCHES

15.65

0.190

9.265

3 6.1990

0.000004

0.0069

-0.005

5.286

5.282

0.000

0.000

CU. FEET

460156.969

5595.669

272431.687

182269.609

0.113

-140.022

155438.719

155298.687

0.000

0.000
ANNUAL WATER BUDGET BALANCE 0.0000 -0.068

ft*******************************************************************.

MONTHLY TOTALS (IN INCHES) FOR YEAR 2

PERCENT

100.00

1.22

59.20

39.61

0.00

-0.03

0.00

0.00

0.00

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

2.33
0.24

0.006
0.000

7.32
0.00

0.318
0.000

6.41
0.00

0.006
0.000

0.16
1.39

0.000
0.000

0.00
0.00

0.000
0.000

0.00
4.43

0.000
0.026
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EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

A-ALTl.OUT
1.534 2.191 2.929 3.138 0.009 0.000
0.179 0.061 0.000 0.095 0.213 0.989
2.3671 3.8122 2.5257 0.1852 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.6177

0.0000 0.0001 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0.023
0.000
0.037
0.000

0.741
0.000
2.495
0.000

0.024
0.000
0.036
0.000

0.002
0.000
0.004
0.000

0.000
0.000
0.000
0.000

0.000
0.006
0.000
0.014

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

**************************************

INCHES

22.28
0.356

11.338
9.5079

0.000072
0.0663
1.078

5.282

6.360

0.000

0.000

0.0000
t****************

CU. FEET

655099.062

10453.519

333374.812

279559.375
2.114

31709.016
155298.687

187007.703
0.000

0.000

0.240
r ****************

PERCENT

100.00

1.60

50.89

42.67

0.00

4.84

0.00

0.00

0.00
t*********

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

3AN/3UL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

14.
0.
2.
0.

1.
0.

64
00
695
000
642
287

FEB/AUG

9
0

0
0
1
0

.62

.00

.648

.000

.998

.261

MAR/SEP

1.
0.

0.
0.

3.
0.

62
00
000
000
419
089

APR/OCT

0
0

0
0

1
0

.00

.15

.000

.000

.126

.108

MAY/NOV

0
0

0
0
0
0

.00

.55

.000

.000

.000

.160

3 UN/DEC

0.91
0.47

0.000
0.000

0.273
0.214

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

12.1096 5.6275 0.4939 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0007 0.0002 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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A-ALTl.OUT

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

5.356
0.000

7.004
0.000

1.424
0.000

3.948
0.000

0.005
0.000

0.012
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

********* ****************************************************************

*******************************************************************************

ANNUAL TOTALS

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

FOR YEAR 3

INCHES

27.96

3.343

9.577

18.2310

0.000888

0.5654

-3.192

6.360

3.168

0.000

0.000

CU. FEET

822107.937

98305.641

281580.156

536047.000

26.095

-93850.719

187007.703

93156.992

0.000

0.000

ANNUAL WATER BUDGET BALANCE 0.0000 -0.199

PERCENT

100.00

11.96

34.25

65.20

0.00

-11.42

0.00

0.00

0.00

MONTHLY TOTALS (IN INCHES) FOR YEAR 4

JAN/JUL FEB/AUG

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

MONTHLY

0
0

0
0
0
0

0
0
0
0

.24

.00

.000

.000

.405

.000

.0000

.0000

.0000

.0000

SUMMARIES FOR

4
0

0
0

2
0

0
0
0
0

.53

.00

.023

.000

.049

.000

.6354

.0000

.0000

.0000

MAR/SEP

1
0

0
0

3
0

0
0

0
0

.74

.00

.000

.000

.495

.000

.1054

.0000

.0000

.0000

APR/OCT

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

84
44

000
000

952
191

0000
0000

0000
0000

MAY/NOV

0.
0.
0.
0.

0.
0.

0.
0.

0.
0.

16
67

000
000

533
295

0000
0000

0000
0000

3 UN/DEC

0.00
0.72

0.000
0.000

0.000
0.344

0.0000
0.0001

0.0000
0.0000

DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 0.006 0.001 0.000 0.000 0.000
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A-ALTl.OUT
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.000 0.010 0.003 0.000 0.000 0.000
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 4

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

9.34
0.023
8.264

0.7408

0.000001
0.0006
0.311

3.168

3.480

0.000

0.000

0.0000

CU. FEET

274624.000

688.224

243000.453

21782.455

0.016

9152.819
93156.992

102309.812

0.000

0.000

0.044

PERCENT

100.00
0.25

88.48

7.93

0.00

3.33

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

11
0

0
0

1
0

.57

.00

.775

.000

.506

.323

FEB/AUG

1
0

0
0

2
0

.30

.00

.000

.000

.319

.282

MAR/SEP

7
0

0
0

3
0

.13

.08

.265

.000

.439

.272

APR/OCT

1
0

0
0

2
0

.02

.00

.000

.000

.642

.245

MAY/NOV

0.
0.
0.
0.
0.
0.

09
00

000
000

090
003

J UN/DEC

1.26
0.59
0.000
0.000

0.215
0.176

LATERAL DRAINAGE COLLECTED 6.9561 0.3355 3.7827 0.0000 0.0000 0.0000
FROM LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.223 0.004 0.364 0.000 0.000 0.000
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.322 0.006 1.447 0.000 0.000 0.000
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************
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A-ALTl.OUT
*************************************************************

ANNUAL TOTALS FOR YEAR 5

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

23.04

1.040

11.511

11.0743
0.000171

0.1325

-0.586

3.480
2.894

0.000
0.000

0.0000

CU. FEET

677445.187

30572.000

338470.344

325616.312
5.021

-17218.283

102309.812

85091.531

0.000

0.000

-0.198

PERCENT

100.00

4.51

49.96
48.07

0.00

-2.54

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANS PI RATION

TOTALS

STD. DEVIATIONS

JAN/3UL

6.39
0.05

6.32
0.11

0.698
0.000
1.165
0.000

1.329
0.158

0.519
0.154

LATERAL DRAINAGE COLLECTED FROM

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

4.7728
0.0000
4.8127
0.0000

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

5.22
0.00

3.29
0.00

0.213
0.000

0.274
0.000

2.002
0.121

0.331
0.140

LAYER 3

2.0821
0.0000
2 . 5021
0.0000

4.52
0.02

2.64
0.04

0.055
0.000
0.117
0.000

3.310
0.072

0.229
0.118

2.1031
0.0000
1.7208
0.0000

0.41
0.47

0.48
0.54

0.000
0.000

0.000
0.000

2.062
0.137

0.969
0.080

0.0691
0.0000
0.0950
0.0000

0.05
0.24

0.07
0.34

0.000
0.000

0.000
0.000

0.126
0.165

0.231
0.107

0.0000
0.0000
0.0000
0.0000

0.43
1.85

0.61
1.79

0.000
0.025

0.000
0.042

0.098
0.411

0.135
0.331

0.0000
0.1236
0.0000
0.2762

THROUGH LAYER 5

0.0002
0.0000
0.0003
0.0000

0.0000
0.0000

0.0001
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000
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A-ALTl.OUT

AVERAGES OF MONTHLY

DAILY AVERAGE

AVERAGES

AVERAGED DAILY HEADS CINCHES)

HEAD ON TOP OF LAYER 4

1.3267
0.0000

0.4350
0.0000

0.0888 0.0007
0.0000 0.0000

0.0000
0.0000

0.0000
0.0012

STD. DEVIATIONS 2.3122 0.6385 0.1549 0.0009 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0026

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED

19.65
0.990
9.
9.
991
15059

(

C
C
(

1
1

6

7.242)

. 3709)

.3969)

.43658)

CU. FEET

577886

29123

293771
269054

.6

.01

.47

.937

PERCENT

100

5

50

46.

.00

.040

.835

55843
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

AVERAGE HEAD ON TOP
OF LAYER 4

CHANGE IN WATER STORAGE

0.00023 ( 0.00038)

0.154 ( 0.236)

-0.479 ( 1.6314)

6.672 0.00115

-14069.44 -2.435
*******************************************************************************
******************************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH LAYER 5

AVERAGE HEAD ON TOP OF LAYER 4

MAXIMUM HEAD ON TOP OF LAYER 4

LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

(INCHES)

3.47

1.565

0.68613
0.000124

21.422

27.540

122.5 FEET

0.00

0

0

(CU. FT.)

102028.414

46019.0508

20174.32030
3.63731

0.0000

.3660

.0970

Maximum heads are computed using MCEnroe's equations. ***
Reference: Maximum saturated Depth over Landfill Liner

by Bruce M. McEnroe, university of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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A-ALTl.OUT

******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 5

LAYER

1

2
3
4

5

SNOW WATER

*******************************

(INCHES)

1.5780

1.1640

0.0020
0.0000

0.1500

0.000
**************

(VOL/VOL)

0.131S

0.0970
0.0100
0.0000
0.7500

*****************************
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Flow Velocity & Friction Loss — Schedule 40 Pipe

?
3"~i
Vt

3B
5"cr
«»

1
2
5
7

10
15
20
25
30
35
40
45
50
60
70
75
80
90

100
125
150
175
200
250
300
350
400
450
500
750

1000
1250
1500
2000
2500

Tln3 -Cea.

Friction Loss
Ft W

ater/ 100 Ft

Friction Loss
PSI/100 FL

% In.
1.13
2.26
5.64
7.90

11.28

2.08
4.16

23.44
43.06
82.02

0.90
1.80

10.15
18.64
35.51

4 in.
0.51
0.64
0.77
0.89
1.02
1.15
1,28
1.53
1.79
1.92
2.05
2.30
2.56
3.20
3.84
4.48
5.1J
6.40
7.67
8.95

10.23'

0.03
0.04
0.06
0.08
0.11
0.13
0.16
0.22
0.30
0.34
0.38
0.47
0.58
0.88
1.22
1.63
2.08
3.15
4.41
5.87
7.52

0.013
0.017
0.026
0.035
0.048
0.056
0.069
0.095
0.13
0.15
0.16
0.20
0.25
0.38
0.53
0.71
0.90.
1.36
1.91
2.55
3.26

-*l

ifit
Q,

Friction Loss
Ft W

ater/100 FL

Friction Loss
PSI/IOOFt

% In.
0.63
1.26
3.16
4.43
6.32
9.48

12.65

0.51
1.02
5.73

10.52
20.04
42.46
72.34

0.22
0.44
2.48
4.56
8.68

18.39
31.32

5 In.
0.49
0.57
0.65
0.73
0.81
0.97
1.14
1.22
1.30
1.46
1.62
2.03
2.44
2.84
3.25
4.06
4.87
5.69
6.50
7.31
8.12

0.02
0.03
0.03
0.04
0.05
0.07
0.10
0.11
0.13
0.16
0.19
0.29
0.40
0.54
0.69
1.05
1.46
1.95
2.49
3.09
3.76

0.009
0.013
0.013
0.017
0.022
0.030
0.043
0.048
0.056
0.069
0.082
0.125
0.17
0.235
0.30
0.45
0.63
0.85
1.08
1.34
1.63

•n

ifo 2,§~
a.

Friction Loss
Ft W

ater/1 00 Ft

Friction Loss
PSI/IOO

 Ft

1 in.
0.77
1.93
2,72
3.86
5.79
7.72
9.65

11.58

0.55
1.72.
3.17
6.02

12.77
21.75
32.88
46.08

0.24
0.75
1.37
2.61
5.53
9.42

14.22
19.95

6 In.
0.56
0.67
0.79
0.84
0.90
1.01
1.12
1.41
1.69
1.97
2.25
2.81*
3.37
3,94.
4.49
5.06
5.62

0.02
0.03
0.04
0.05
0.05
0.06
0.08
012
0.16
0.22
0.28
0.43
0.60
0.79
1.01
1.26
1.53

0.009
.0.013
0.017
0.022
0.022
0.026
0,035
0.052
0.069
0.096
0.12
0.19
0.26
0.34
0.44
0.55
0.66

-n

IfI*

Friction Loss
Ft W

ater/ 100 Ft.

Friction Loss
PSI/IO

O
Ft

1'/,ln.
0.44
1.11
1.55
2.21
3.31
4.42
5.52
6.63
7.73
8.84
9.94

11.05

0.14
0.44
0.81
1.55
3.28
5.59
8.45

11.85
15.76
20.18
25.10
30.51

0.06
0.19
0.35
0.67
1.42
2.42
3.66
5.13
6.82
8.74

10.87
13.21

Sin.
0.65
0.81
0.97
1,14
1.30
1.63
1.94
2.27
2.59
2.92
3.24
4.86
6.48

0.03
0.035
0.04
0.055
0.07
0.11
0.16
0.21
0.27
0.33
0.40
0.85
1.45

0.012
0.015
0.017
0.024
0.030
0.048
0.069
0.091
0.12
0.14
0.17
0.37
0.63

-n

S|8"
§•<
O.

Friction Loss
Ft W

ater/ 100 Ft

—
—

—
—

—
—

—
—

—
Friction Loss
PSI/lO

O
Fl

1'/2ln.
0.33
0.81
1.13
1.62
2.42
3.23
4.04
4.85
5.66
6.47
7.27
8.08
9.70

0.07
0.22
0.38
0.72
1.53
2,61
3.95
5.53
7.36
9.43

11.73
14.25
19.98

0.03
0.09
0.17
0.31
0.66
1.13
1.71
2.39
3.19
4.08
5.08
6.17
8.65

10 In.
0.82
1.03
1.23
1.44
1.64
1.85
2.05
3.08
4.11
5.1,4
6.16

0.027
0.035
0.05
0.065
0.09
0.11
0.13
0.28
0.48
0.73
1,01

0.012
0.015
0.022
0.028
0.039
0.048
0.056
0.12
0.21
0.32
0.44

S|S=.
S^
O.

! —
—

—
—

 "
Friction Loss

Ft W
ater/100 Ft

C
Friction Loss
PSI/100 Ft

2 In.
0.49
0.69
0.98
1.46
1.95
2.44
2.93
3.41
3.90
4.39
4.88
5.85
6.83
7.32
7.80
8.78
9.75

0.066
0.11
0.21
0.45
0.76
1.15
1.62
2.15
2.75
3.43
4.16
5.84
7.76
8.82
9.94

12.37
15.Q3

0.029
0.048
0.091
0.19
0.33
0.50
0.70
0.93
1.19
1.49
1.80
2.53
3.36
3.82
4,30
5.36
6.51

12 In.
1.01
1.16
1.30
1.45
2.17
2.89
3.62
4.34
5,78
7.23

0.027
0.04
0.05
0.06
0.12
0.20
0.31
0.43
0.73
1.11

0.012
0.017
0.022
0.026
0.052
0.087
0.13
0.19
0.32
0.49

if
|I

Friction Loss
FL W

ater/1 00 Ft.

Friction Loss
PSI/100 Ft

2'/, In.
0.30
0.49
0.68
1.03
1.37
1.71
2.05
2.39
2.73
3.08
3.42
4.10
4.79
5.13
5.47
6.15
6.84
8.55

10.26

0.038
0.051
0.09
0.19
0.32
0.49
0.68
0.91
1.16
1.44
1.75
2.46
3.27
3.71
4.19
5.21
6.33
9.58

13.41

0.016
0.023
0.039
0.082
0.14
0.21
0.29
0.39
0.50
0.62
0.76
1.07
1.42
1.61
1.81
2.26
2.74
4.15
5.81

•̂

ifo 2.§-<a.

Friction Loss
FL W

ater/100 Ft

Friction Loss
PSI/100 FL

3 In.
0.22
0.31
0.44
0.66
0.88
1.10
1.33
1.55
1.77
1.99
2.21
2.65
3.09
3.31
3.53
3.98
4.42
5.52
6.63
7.73
8.83

11.04

0.015
0.021
0.03
0.07
0.11
0.17
0.23
0.31
0,40
0.50
0.60
0.85
1.13
1.28
1.44
1.80
2,18
3.31
4.63
6,16
7.88

11.93

0.007
0.009
0.013
0.030
0.048
0.074
0.10
0.13
0.17
0.22
0.26
0.37
0.49
0.55
0.62
0.78
0,94
1.43
2.00
2.67
3.41
5.17

NOTE: In larger diameters, particularly 6" and greater, Harvel recommends velocities be maintained at or below 5 feet per second.

ZO- (/>mo



I. HELP MODEL INPUT/ OUTPUT FILES FOR
SUBTITLE C ALTERNATIVES

WITH S-YEAR SIMULATION PERIOD



A-RCRA.OUT
******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
** DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATION **
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
** **
** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: c:\HELP\DAT\PR.D4
TEMPERATURE DATA FILE: C:\HELP\DAT\TM.D7
SOLAR RADIATION DATA FILE: C:\HELP\DAT\SR.Dl3
EVAPOTRANSPIRATION DATA: C:\HELP\DAT\ET.Dll
SOIL AND DESIGN DATA FILE: C:\HELP\COV\RCRA-C.D10
OUTPUT DATA FILE: C:\HELP\OUT\A-RCRA.OUT

TIME: 8:30 DATE: 11/27/2002
******************************************************************************

TITLE: 01-123_RCRA-C

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 50

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2081 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999995000E-03 CM/SEC

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 51

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2194 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.665999978000E-04 CM/SEC

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21

THICKNESS = 12.00 INCHES
POROSITY = 0.3970 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOL
WILTING POINT = 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.300000012000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 335.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.02 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
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INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

A-RCRA.OUT
0.0000 VOL/VOL

0.199999996000E-12 CM/SEC
1.00 HOLES/ACRE

HOLES/ACRE
= 3 -

7.00
GOOD

LAYER 5

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

24.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

0.4270 VOL/VOL
0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: scs RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 80.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 335. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND WEATHER DATA

80.10
100.0
8.100
24.0
5.130
8.784
2.328
0.000
15.762
15.762
0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
LOS ANGELES CALIFORNIA

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (DULIAN DATE)
END OF GROWING SEASON (3ULIAN DATE)
EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

33.80 DEGREES
2.00
285
151

24.0 INCHES
3.03 MPH
67.00 %
74.00 %
75.00 %
67.00 %

NOTE: PRECIPITATION DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

NOTE: TEMPERATURE DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

NOTE: SOLAR RADIATION DATA FOR
WAS ENTERED BY THE USER.

SAN DIEGO

CALIFORNIA

CALIFORNIA

CALIFORNIA

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

3AN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV DUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

3.15
0.00

0.006
0.000

1.537

3.31
0.00

0.080
0.000

1.451

5.72
0.00

0.000
0.000

3.268
Page 2

0.04
0.39

0.000
0.000

3.150

0.00
0.00

0.000
0.000

0.000

0.00
3.04

0.000
0.095

0.000



0.000
A-RCRA.OUT

0.000 0.000 0.046 0.152 0.344

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

2.2001 0.0119 2.9287 0.3890 0.0005 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0001 0.0000 0.0001 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0.699
0.000

0.941
0.000

0.004
0.000

0.007
0.000

0.931
0.000
0.607
0.000

0.128
0.000

0.180
0.000

0.000
0.000

0.000
0.000

0.000
0.000
0.000
0.000

ft******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

15.65

0.180

9.948

5.5301

0.000255

0.1468

-0.009

15.762

15.753

0.000

0.000

0.0000

CU. FEET

460156.969

5292.130

292514.000

162601.500

7.495

-258.088

463443.344

463185.250

0.000

0.000

-0.065

PERCENT

100.00

1.15
63.57

35.34

0.00

-0.06

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

2.
0.

0.
0.
1.
0.
1.
0.

0.
0.

33
24

006
000

503
180
5123
0000

0001
0000

FEB/AUG

7.
0.

0.
0.

2.
0.

5.
0.

0.
0.

32
00

274
000

171
060

3719
0000

0002
0000

MAR/SEP

6.
0.

0.
0.

2.
0.

1.
0.

0.
0.

41
00

006
000

929
000
4857
0000

0001
0000

APR/OCT

01
0
0

3
0

0
0

0
0

.16

.39

.000

.000

.117

.094

.6357

.0000

.0000

.0000

MAY/NOV

0
0

0
0
0
0

0
0

0
0

.00

.00

.000

.000

.000

.214

.0001

.0000

.0000

.0000

3UN/DEC

0.00
4.43

0.000
0.025

0.000
0.987

0.0000
0.2524

0.0000
0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
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A-RCRA.OUT

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0.481
0.000

0.714
0.000

1.890
0.000

2.202
0.000

0.472
0.000

0.663
0.000

0.209
0.000

0.365
0.000

0.000
0.000

0.000
0.000

0.000
0.080

0.000
0.224

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 2

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

22.28

0.311

11.256

9.2582

0.000405

0.2610

1.455

15.753

17.208

0.000

0.000

0.0000

CU. FEET

655099.062

9131.866

330949.906

272217.437

11.920

42787.590

463185.250

505972.844

0.000

0.000

0.376

PERCENT

100.00

1.39

50.52

41.55

0.00

6.53

0.00

0.00

0.00
*******************************************************************************
*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

3AN/DUL FEB/AUG

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

MONTHLY

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

14.
0.

1.
0.
1.
0.

13.
0.

0.
0.

64
00

767
000

644
287

3083
0000

0005
0000

SUMMARIES FOR

4.
0.

2.
0.

230
000

700
000

9
0

0
0

1
0

5
0

0
0

.62

.00

.706

.000

.997

.261

.0805

.0000

.0002

.0000

DAILY

1
0
1
0

.788

.000

.723

.000

MAR/SEP

1.
0.

0.
0.

3.
0.

0.
0.

0.
0.

62
00

000
000

415
087

6895
0000

0000
0000

APR/OCT

0
0

0
0
1
0

0
0

0
0

.00

.15

.000

.000

.518

.109

.0012

.0000

.0000

.0000

MAY/NOV

0
0

0
0

0
0

0
0

0
0

.00

.55

.000

.000

.000

.160

.0000

.0000

.0000

.0000

3 UN/DEC

0.91
0.47

0.000
0.000

0.275
0.216

0.0000
0.0000

0.0000
0 . 0000

HEADS (INCHES)

0.
0.

0.
0.

219
000

365
000

0
0

0
0

.000

.000

.001

.000

0
0

0
0

.000

.000

.000

.000

0.000
0.000

0.000
0.000

*************************************************ft*****************************
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A-RCRA.OUT*******************************************************************************

ANNUAL TOTALS FOR YEAR 3

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

27.96

2.473

9.970

19.0795

0.000791

0.5197

-3.563

17.208

13.645

0.000

0.000

0.0000

CU. FEET

822107.937

72717.391

293140.187

560996.000

23.264

-104769.172

505972.844

401203.687

0.000

0.000

0.326

PERCENT

100 . 00

8.85

35.66

68.24

0.00

-12.74

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

0.24
0.00

0.000
0.000

0.407
0.000

4.53
0.00

0.023
0.000

2.038
0.000

1.74
0.00

0.000
0.000

3.439
0.000

0.84
0.44

0.000
0.000

0.726
0.192

0.16
0.67

0.000
0.000

0.554
0.297

0.00
0.72

0.000
0.000

0.000
0.343

0.0000 0.8694 0.1380 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0.000 0.295 0.044 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.227 0.076 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 4

PRECIPITATION

RUNOFF

INCHES

9.34

0.023

CU. FEET

274624.000

688.224

PERCENT

100.00

0.25
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A-RCRA.OUT
EVAPOTRANS PI RATION

DRAINAGE COLLECTED FROM LAYER 3

PERC./LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 5

UAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

7.996

1.0074

0.000052

0.0283

0.313

13.645

13.958

0.000

0.000

0.0000

235101.844

29620.041

1.528

9212.245

401203.687

410415.937

0.000

0.000

0.134

85.61

10.79

0.00

3.35

0.00

0.00

0.00

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

11
0

0
0
1
0

6
0

0
0

.57

.00

.766

.000

.501

.323

.9485

.0000

.0003

.0000

1
0

0
0

2
0

0
0

0
0

.30

.00

.000

.000

.310

.282

.4668

.0000

.0000

.0000

7
0

0
0

3
0

3
0

0
0

.13

.08

.250

.000

.461

.273

.5797

.0000

.0002

.0000

1
0

0
0

2
0

0
0

0
0

.02

.00

.000

.000

.688

.245

.0472

.0000

.0000

.0000

0
0

0
0

0
0

0
0

0
0

.09

.00

.000

.000

.090

.005

.0000

.0000

.0000

.0000

1.26
0.59

0.000
0.000

0.213
0.177

0.0000
0.0000

0.0000
0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

2.208
0.000

1.868
0.000

0.164
0.000

0.185
0.000

1.138
0.000

1.184
0.000

0.016
0.000

0.029
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 5

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

INCHES

23.04

1.016

11.567

11.0421

0.000478

0.2938

-0.586

CU. FEET

677445.187

29876.318

340098.187

324672.250

14.054

-17215.816

PERCENT

100.00

4.41

50.20

47.93

0.00

-2.54
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SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

A-RCRA.OUT

13.958 410415.937

13.373 393200.125

0.000 0.000

0.000

0.0000

0.000

0.204

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

6.39
0.05

6.32
0.11

0.509
0.000

0.777
0.000

1.319
0.158

0.513
0.154

5.22
0.00

3.29
0.00

0.217
0.000

0.294
0.000

1.993
0.121

0.327
0.140

4.52
0.02

2.64
0.04

0.051
0.000

0.111
0.000

3.303
0.072

0.222
0.118

0.41
0.47

0.48
0.54

0.000
0.000

0.000
0.000

2.240
0.137

1.074
0.080

0.05
0.24

0.07
0.34

0.000
0.000

0.000
0.000

0.129
0.165
0.241
0.107

0.43
1.85

0.61
1.79

0.000
0.024

0.000
0.041

0.097
0.414

0.135
0.329

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

4.7938
0.0000

5.4225
0 . 0000

2.3601
0.0000

2.6359
0 . 0000

1.7643
0 . 0000
1.4602
0.0000

0.2146
0 . 0000

0.2861
0.0000

0 . 0001
0.0000

0.0002
0.0000

0.0000
0.0505

0.0000
0.1129

THROUGH LAYER 5

0.0002
0.0000

0.0002
0.0000

AVERAGES OF MONTHLY

0.0001
0.0000

0.0001
0.0000

AVERAGED

0.0001
0.0000

0.0001
0.0000

0 . 0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 4

AVERAGES

STD. DEVIATIONS

1.5236 0.8283 0.5607 0.0705 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0160

1.7234 0.9290 0.4641 0.0939 0.0001 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0359

*******************************************************************************

*******************************************************************************
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A-RCRA.OUT
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED

INCHES

19.65 (

0.801 (

10.147 (

9.18347 (

7.242)

1 . 0091)
1.4092)

6.73773)

CU. FEET

577886.6

23541.18

298360.81

270021.469

PERCENT

100 . 00

4.074

51.630

46.72568
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

AVERAGE HEAD ON TOP
OF LAYER 4

CHANGE IN WATER STORAGE

0.00040 ( 0.00027)

0.250 ( 0.183)

-0.478 ( 1.8784)

11.652

-14048.65

0.00202

-2.431
*******************************************************************************

******************************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH LAYER 5

AVERAGE HEAD ON TOP OF LAYER 4

MAXIMUM HEAD ON TOP OF LAYER 4

LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

(INCHES)

3.47

1.087

0.91070

0.000035

8.973

13.450

83.8 FEET

0.00

0.

0.

(CU.

102028

31958

26777

1

0

3202

0970

FT.)

.414

.1230

.41990

.04154

.0000

*** Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
vol. 119, NO. 2, March 1993, pp. 262-270.

******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 5

LAYER

1

2

3

4

5

SNOW WATER

(INCHES)

1.5768

1.1640

0.3840

0.0000

10.2480

0.000

(VOL/VOL)

0.1314

0.0970

0.0320

0.0000

0.4270
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******************************************************************************
******************************************************************************
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A-ALTl.OUT******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
** DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATION **
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
** **
** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: c:\HELP\DAT\PR.D4
TEMPERATURE DATA FILE: C:\HELP\DAT\TM.D7
SOLAR RADIATION DATA FILE: C:\HELP\DAT\SR.Dl3
EVAPOTRANSPIRATION DATA: C:\HELP\DAT\ET.Dll
SOIL AND DESIGN DATA FILE: C:\HELP\COV\ALT-l.DlO
OUTPUT DATA FILE: C:\HELP\OUT\A-ALTl.OUT

TIME: 8:43 DATE: 11/27/2002
************************************************

TITLE: 01-123-Alt #1
******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 50

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999995000E-03 CM/SEC

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 51

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2178 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.665999978000E-04 CM/SEC

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 335.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL

page 1



WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER

A-ALTl.OUT
0.0000 VOL/VOL
0.0000 VOL/VOL

0.199999996000E-12 CM/SEC

= 3 -

1.00
7.00
GOOD

HOLES/ACRE
HOLES/ACRE

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 60

0.20 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL

0.999999994000E-08 CM/SEC

NOTE:

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 80.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 335. FEET.

SCS RUNOFF CURVE NUMBER = 80.10
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 8.100 ACRES
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 5.134 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.784 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.328 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 5.286 INCHES
TOTAL INITIAL WATER = 5.286 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
LOS ANGELES CALIFORNIA

STATION LATITUDE = 33.80 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 285
END OF GROWING SEASON (JULIAN DATE) = 151
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
AVERAGE ANNUAL WIND SPEED = 3.03 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 67.00 %

NOTE: PRECIPITATION DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

CALIFORNIA

NOTE: TEMPERATURE DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

CALIFORNIA

NOTE: SOLAR RADIATION DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

CALIFORNIA

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 1

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
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A-ALTl.OUT

PRECIPITATION

RUNOFF

EVAPOTRANS PIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

MONTHLY

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

3
0

0
0

1
0

2
0

0
0

.15

.00

.011

.000

.559

.000

.4309

.0000

.0000

.0000

SUMMARIES FOR

0
0

0
0

.032

.000

.084

.000

3
0

0
0

1
0

0
0

0
0

.31

.00

.075

.000

.454

.000

.0000

.0000

.0000

.0000

DAILY

0
0

0
0

.000

.000

.000

.000

5
0

0
0

3
0

3
0
0
0

.72

.00

.006

.000

.268

.000

.6080

.0000

.0000

.0000

0
0

0
0

2
0

0
0

0
0

.04

.39

.000

.000

.453

.044

.1601

.0000

.0000

.0000

0
0

0
0

0
0

0
0

0
0

.00

.00

.000

.000

.000

.153

.0000

.0000

.0000

.0000

0.00
3.04

0.000
0.097

0.000
0.334

0.0000
0 . 0000

0.0000
0 . 0000

HEADS (INCHES)

0
0
0
0

.050

.000

.126

.000

0
0

0
0

.002

.000

.006

.000

0
0

0
0

.000

.000

.000

.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

15.65

0.190

9.265

6.1990

0.000004

0.0069

-0.005

5.286

5.282

0.000

0.000

0.0000

CU. FEET

460156.969

5595.669

272431.687

182269.609

0.113

-140.022

155438.719

155298.687

0.000

0.000

-0.068

PERCENT

100.00

1.22

59.20

39.61

0.00

-0.03

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

2.33
0.24

0.006
0.000

7.32
0.00

0.318
0.000

6.41
0.00

0.006
0.000

0.16
1.39

0.000
0.000

0.00
0.00

0.000
0.000

0.00
4.43

0.000
0.026
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EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

A-ALTl.OUT
1.534 2.191 2.929 3.138 0.009 0.000
0.179 0.061 0.000 0.095 0.213 0.989

2.3671 3.8122 2.5257 0.1852 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.6177

0.0000 0.0001 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0.023
0.000

0.037
0.000

0.741
0.000

2.495
0.000

0.024
0.000

0.036
0.000

0.002
0.000

0.004
0.000

0.000
0.000

0.000
0.000

0.000
0.006
0.000
0.014

*******************************************************************************

ft******************************************************************************

ANNUAL TOTALS FOR YEAR 2

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

22.28

0.356

11.338

9.5079

0.000072

0.0663

1.078

5.282

6.360

0.000

0.000

0.0000

CU. FEET

655099.062

10453.519

333374.812

279559.375

2.114

31709.016
155298.687

187007.703

0.000

0.000

0.240

PERCENT

100.00

1.60

50.89

42.67

0.00

4.84

0.00

0.00

0.00
*****************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

14
0

2
0

1
0

12
0

0
0

.64

.00

.695

.000

.642

.287

.1096

.0000

.0007

.0000

FEB/AUG

9
0

0
0

1
0

5
0

0
0

.62

.00

.648

.000

.998

.261

.6275

.0000

.0002

.0000

MAR/SEP APR/OCT

1
0

0
0
3
0

0
0

0
0

.62

.00

.000

.000

.419

.089

.4939

.0000

.0000

.0000

0
0

0
0
1
0

0
0

0
0

.00

.15

.000

.000

.126

.108

.0000

.0000

.0000

.0000

MAY/NOV

0
0
0
0

0
0

0
0

0
0

.00

.55

.000

.000

.000

.160

.0000

.0000

.0000

.0000

3 UN/DEC

0.91
0.47

0.000
0.000

0.273
0.214

0.0000
0.0000

0.0000
0.0000
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A-ALTl.OUT

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

5. 356
0.000

7.004
0.000

1.424
0.000

3.948
0.000

0.005
0.000

0.012
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 3

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

27.96

3.343

9.577

18.2310

0.000888

0.5654

-3.192

6.360

3.168

0.000

0.000

0.0000

CU. FEET

822107.937

98305.641

281580.156

536047.000

26.095

-93850.719

187007.703

93156.992

0.000

0.000

-0.199

PERCENT

100.00
11.96

34.25

65.20

0.00

-11.42

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 4

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

0.24
0.00

0.000
0.000

0.405
0.000

4.53
0.00

0.023
0.000
2.049
0.000

1.74
0.00

0.000
0.000

3.495
0.000

0.84
0.44

0.000
0.000

0.952
0.191

0.16
0.67

0.000
0.000

0.533
0.295

0.00
0.72

0.000
0.000

0.000
0.344

0.0000 0.6354 0.1054 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 0.006 0.001 0.000 0.000 0.000
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A-ALTl.OUT
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.000 0.010 0.003 0.000 0.000 0.000
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 4

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

9.34

0.023

8.264

0.7408

0.000001

0.0006

0.311

3.168

3.480

0.000

0.000

0 . 0000

CU. FEET

274624.000

688.224

243000.453

21782.455

0.016

9152.819

93156.992

102309.812

0.000

0.000

0.044

PERCENT

100.00

0.25

88.48

7.93

0.00

3.33

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

11.
0.

0.
0.

1.
0.

57
00

775
000

506
323

FEB/AUG

1.
0.

0.
0.

2.
0.

30
00

000
000

319
282

MAR/SEP

7.
0.

0.
0.

3.
0.

13
08

265
000

439
272

APR/OCT

1.
0.

0.
0.

2.
0.

02
00

000
000

642
245

MAY/NOV

0.
0.

0.
0.

0.
0.

09
00

000
000

090
003

DUN/DEC

1.26
0.59

0.000
0.000

0.215
0.176

LATERAL DRAINAGE COLLECTED 6.9561 0.3355 3.7827 0.0000 0.0000 0.0000
FROM LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.223 0.004 0.364 0.000 0.000 0.000
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.322 0.006 1.447 0.000 0.000 0.000
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************
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*******************************************************************************

ANNUAL TOTALS FOR YEAR 5

PRECIPITATION

RUNOFF

EVAPOTRANS PIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

23.04

1.040

11.511

11.0743

0.000171

0.1325

-0.586

3.480

2.894

0.000

0.000

0 . 0000

CU. FEET

677445.187

30572.000
338470.344

325616.312

5.021

-17218.283

102309.812

85091.531

0.000

0.000

-0.198

PERCENT

100.00
4.51

49.96

48.07

0.00

-2.54

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

JAN/JUL

6.39
0.05

6.32
0.11

0.698
0.000
1.165
0.000

1.329
0.158

0.519
0.154

LATERAL DRAINAGE COLLECTED FROM

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

4.7728
0.0000

4.8127
0.0000

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

5.22
0.00

3.29
0.00

0.213
0.000

0.274
0.000

2.002
0.121

0.331
0.140

LAYER 3

2.0821
0.0000

2.5021
0.0000

4.52
0.02

2.64
0.04

0.055
0.000

0.117
0.000

3.310
0.072

0.229
0.118

2.1031
0.0000

1.7208
0.0000

0.41
0.47

0.48
0.54

0.000
0.000

0.000
0.000

2.062
0.137

0.969
0.080

0.0691
0.0000

0.0950
0.0000

0.05
0.24

0.07
0.34

0.000
0.000

0.000
0.000

0.126
0.165

0.231
0.107

0.0000
0.0000

0.0000
0.0000

0.43
1.85

0.61
1.79

0.000
0.025

0.000
0.042

0.098
0.411

0.135
0.331

0.0000
0.1236

0.0000
0.2762

THROUGH LAYER 5

0.0002
0.0000

0.0003
0.0000

0.0000
0.0000
0.0001
0.0000

0 . 0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000
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A-ALTl.OUT

;

DAILY AVERAGE

AVERAGES

WERAGES OF MONTHLY AVERAGED

HEAD ON TOP OF LAYER 4

1.3267 0.4350
0.0000 0.0000

DAILY HEADS (INCHES)

0.0888 0.0007 0.0000 0.0000
0.0000 0.0000 0.0000 0.0012

STD. DEVIATIONS 2.3122 0.6385 0.1549 0.0009 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0026

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

LATERAL DRAINAGE COLLECTED

19.65 (

0.990 (
9.991 (

9.15059 (

7.242)

1.3709)

1.3969)
6.43658)

CU. FEET

577886.6

29123.01
293771.47

269054.937

PERCENT

100 . 00

5.040

50.835

46.55843
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

AVERAGE HEAD ON TOP
OF LAYER 4

CHANGE IN WATER STORAGE

0.00023 ( 0.00038)

0.154 ( 0.236)

-0.479 ( 1.6314)

6.672

-14069.44

0.00115

-2.435
************************************************************************

************************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH LAYER 5

AVERAGE HEAD ON TOP OF LAYER 4

MAXIMUM HEAD ON TOP OF LAYER 4

LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

(INCHES)

3.47

1.565

0.68613

0.000124

21.422

27.540

122.5 FEET

0.00

0,

0,

(CU. FT.)

102028.414

46019.0508
20174.32030

3.63731

0.0000

.3660

.0970

*** Maximum heads are computed using MCEnroe's equations. ***
Reference: Maximum Saturated Depth over Landfill Liner

by Bruce M. McEnroe, university of Kansas
ASCE Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.
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A-ALTl.OUT

******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 5

LAYER

1

2
3
4

5

(INCHES)

1.5780

1.1640

0.0020

0.0000

0.1500

(VOL/VOL)

0.1315

0.0970

0.0100

0 . 0000

0.7500

SNOW WATER 0.000
****ft**ft**********ft**************************ft************ftft***ft*ft************

page 9



A-ALT3.0UT******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
** DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATION **
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
** **
** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: C:\HELP\DAT\PR.D4
TEMPERATURE DATA FILE: C:\HELP\DAT\TM.D7
SOLAR RADIATION DATA FILE: C:\HELP\DAT\SR.Dl3
EVAPOTRANSPIRATION DATA: C:\HELP\DAT\ET.Dll
SOIL AND DESIGN DATA FILE: C:\HELP\COV\ALT-3.D10
OUTPUT DATA FILE: C:\HELP\OUT\A-ALT3.0UT
TIME: 8:59 DATE: 11/27/2002
***#A*fc***#********ft****#****#*#*****#*******#***^

TITLE: 01-123-Alt #3
******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 50

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999995000E-03 CM/SEC

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 51

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2178 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.665999978000E-04 CM/SEC

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 335.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
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FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

- A-ALT3.0UT
0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

0.199999996000E-12 CM/SEC

= 3 -

LAYER 5

1.00
7.00
GOOD

HOLES/ACRE
HOLES/ACRE

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 55

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =

24.00 INCHES
0.3220 VOL/VOL
0.3200 VOL/VOL
0.1000 VOL/VOL
0.3220 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.999999975000E-05 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 80.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 335. FEET.

SCS RUNOFF CURVE NUMBER = 80.10
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 8.100 ACRES
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 5.135 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.784 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.328 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 12.865 INCHES
TOTAL INITIAL WATER = 12.865 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
LOS ANGELES CALIFORNIA

STATION LATITUDE = 33.80 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 285
END OF GROWING SEASON (JULIAN DATE) = 151
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
AVERAGE ANNUAL WIND SPEED = 3.03 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 67.00 %

NOTE: PRECIPITATION DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

CALIFORNIA

NOTE: TEMPERATURE DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

CALIFORNIA

NOTE: SOLAR RADIATION DATA FOR
WAS ENTERED BY THE USER.

SAN DIEGO CALIFORNIA

MONTHLY TOTALS (IN INCHES) FOR YEAR 1

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION 3.15
0.00

3.31
0.00

5.72
0.00

0.04
0.39

0.00
0.00

0.00
3.04
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0.011
0.000

1.559
0.000

A-ALT3 . OUT
0.075 0.006 0.000
0.000 0.000 0.000

1.454
0.000

3.268
0.000

2.425
0.044

0.000
0.000

0.000
0.153

0.000
0.097

0.000
0.334

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED 2.4116 0.0000 3.6266 0.1883 0.0000 0.0000
FROM LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH 0.0002 0.0000 0.0002 0.0000 0.0000 0.0000
LAYER 5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.031 0.000 0.051 0.002 0.000 0.000
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.085 0.000 0.126 0.006 0.000 0.000
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

FOR YEAR 1

INCHES

15.65

0.190

9.237

6.2266

0.000403

0.0070

-0.004

12.865

12.860

0.000

0.000

0.0000

CU. FEET

460156.969

5595.832

271597.469

183080.422

11.836

-128.539

378257.781

378129.219

0.000

0.000

-0.037

PERCENT

100.00

1.22

59.02

39.79

0.00

-0.03

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

DAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

2.
0.

0.
0.
1.
0.

33
24

006
000

535
179

FEB/AUG

7
0

0
0

2
0

.32

.00

.319

.000

.191

.061

MAR/SEP

6.
0.

0.
0.

2.
0.

41
00
006
000

929
000

APR/OCT

0
1

0
0

3
0

.16

.39

.000

.000

.138

.095

MAY/NOV

0
0

0
0

0
0

.00

.00

.000

.000

.007

.213

3 UN/DEC

0.00
4.43

0.000
0.026

0.000
0.989

LATERAL DRAINAGE COLLECTED 2.3676 3.8701 2.4627 0.1867 0.0000 0.0000
FROM LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.6176

PERCOLATION/LEAKAGE THROUGH 0.0001 0.0023 0.0001 0.0000 0.0000 0.0000
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LAYER 5
A-ALT3.0UT

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0.023
0.000

0.037
0.000

0.742
0.000

2.494
0.000

0.023
0.000

0.036
0.000

0.002
0.000

0.004
0.000

0.000
0.000

0.000
0.000

0.000
0.006

0.000
0.014

*******************************************************************************

ft******************************************************************************

ANNUAL TOTALS FOR YEAR 2

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

22.28

0.356

11.339

9.5048

0.002604

0.0663

1.078

12.860

13.938

0.000

0.000

0.0000

CU. FEET

655099.062

10473.989

333387.562

279469.250

76.551

31691.363

378129.219

409820.594

0.000

0.000

0.349

PERCENT

100 . 00

1.60

50.89

42.66

0.01

4.84

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 3

JAN/DUL FEB/AUG

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

MONTHLY

14
0

2
0

1
0

12
0

0
0

.64

.00

.691

.000

.642

.287

.0971

.0000

.0175

.0000

SUMMARIES FOR

9
0

0
0

1
0

5
0

0
0

.62

.00

.648

.000

.999

.261

.6225

.0000

.0043

.0000

DAILY

MAR/SEP

1.
0.

0.
0.

3.
0.

0.
0.

0.
0.

62
00

000
000

419
089

4823
0000

0000
0000

APR/OCT

0
0

0
0

1
0

0
0

0
0

.00

.15

.000

.000

.132

.108

.0052

.0000

.0000

.0000

MAY/NOV

0
0

0
0

0
0

0
0

0
0

.00

.55

.000

.000

.000

.160

.0000

.0000

.0000

.0000

DUN/DEC

0.91
0.47

0.000
0.000

0.273
0.214

0.0000
0.0000

0.0000
0.0000

HEADS (INCHES)

AVERAGE DAILY HEAD ON 5.255 1.423 0.005 0.000 0.000 0.000
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TOP OF LAYER 4 0.000

STD. DEVIATION OF DAILY 6.891
HEAD ON TOP OF LAYER 4 0.000

A-ALT3.0UT
0.000 0.000 0.000 0.000

3.948
0.000

0.012
0.000

0.000
0.000

0.000
0.000

0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 3

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

27.96

3.339

9.583

18.2072

0.021916

0.5569

-3.192

13.938

10.746

0.000

0.000

0.0000

CU. FEET

822107.937

98189.523

281779.156

535345.125

644.382

-93849.969

409820.594

315970.625

0.000

0.000

-0.262

PERCENT

100.00

11.94

34.28

65.12

0.08

-11.42

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

0.24
0.00

0.000
0.000

0.405
0.000

4.53
0.00

0.023
0.000

2.049
0.000

1.74
0.00

0.000
0.000

3.495
0.000

0.84
0.44

0.000
0.000

0.995
0.191

0.16
0.67

0.000
0.000

0.533
0.295

0.00
0.72

0.000
0.000

0.000
0.344

0.0000 0.5782 0.1052 0.0142 0.0002 0.0000
0.0000 0.0000 0.0000 0.0000 0.0001 0.0001

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 4

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 4

0.000 0.006 0.001 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.010 0.003
0.000 0.000 0.000

0.001
0.000

0.000 0.000
0.000 0.000

*******************************************************************************

*******************************************************************************
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A-ALT3.0UT
ANNUAL TOTALS FOR YEAR 4

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

DRAINAGE COLLECTED FROM LAYER 3

PERC. /LEAKAGE THROUGH LAYER 5

AVG. HEAD ON TOP OF LAYER 4

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

9.34

0.023
8.307

0.6979
0.000041

0.0006
0.312

10.746

11.058
0.000

0.000
0.0000

CU. FEET

274624.000

688.224
244253.297

20521.809

1.192

9159.472

315970.625
325130.094

0.000

0.000

0.023

PERCENT

100.00

0.25

88.94

7.47

0.00

3.34

0.00

0.00

0.00
**********************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 5

JAN/3UL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

11.
0.

0.
0.

1.
0.

57
00

775
000

506
323

FEB/AUG

1.30
0.00

0.000
0.000

2.319
0.282

MAR/SEP

7
0

0
0

3
0

.13

.08

.265

.000

.439

.272

APR/OCT

1
0

0
0

2
0

.02

.00

.000

.000

.632

.245

MAY/NOV

0
0

0
0

0
0

.09

.00

.000

.000

.090

.003

JUN/DEC

1
0

0
0
0
0

.26

.59

.000

.000

.214

.176

LATERAL DRAINAGE COLLECTED 6.9530 0.3373 3.7788 0.0097 0.0000 0.0000
FROM LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION/LEAKAGE THROUGH 0.0042 0.0000 0.0013 0.0000 0.0000 0.0000
LAYER 5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.223 0.004 0.363 0.000 0.000 0.000
TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.322 0.006 1.444 0.001 0.000 0.000
HEAD ON TOP OF LAYER 4 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 5

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

INCHES

23.04

1.040

11.502

CU . FEET

677445.187

30571.508
338181.937

PERCENT

100.00

4.51

49.92
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A-ALT3.0UT
11.0788 325749.562 48.09

ROUGH LAYER 5
1 OF LAYER 4

STORAGE

ART OF YEAR

D OF YEAR

ART OF YEAR

ID OF YEAR

•GET BALANCE

0.005518
0.1324

-0.586
11.058

10.472

0.000

0.000
0.0000

162.256

-17219.965
325130.094

307910.156
0.000

0.000

-0.110

0.02

-2.54

0.00

0.00

0.00

*******************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

6.39 5.22
0.05 0.00

6.32 3.29
0.11 0.00

0.697 0.213
0.000 0.000
1.164 0.274
0.000 0.000

1.330 2.002
0.158 0.121

0.519 0.331
0.154 0.140

4.52
0.02

2.64
0.04

0.055
0.000
0.117
0.000

3.310
0.072

0.229
0.118

0.41
0.47

0.48
0.54

0.000
0.000
0.000
0.000

2.064
0.136

0.951
0.080

0.05
0.24

0.07
0.34

0.000
0.000

0.000
0.000

0..126
0.165

0.231
0.107

0.43
1.85

0.61
1.79

0.000
0.025

0.000
0.042

0.098
0.411

0.135
0.331

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS

STD. DEVIATIONS

4.7659 2.0816
0.0000 0.0000

4.8099 2.5186
0.0000 0.0000

2.0911
0 . 0000

1.7231
0.0000

0.0808
0.0000
0.0974
0.0000

0.0000
0.0000

0.0001
0.0000

0.0000
0.1235

0.0000
0.2762

PERCOLATION/LEAKAGE THROUGH LAYER 5

TOTALS

STD. DEVIATIONS

AVERAGES

DAILY AVERAGE HEAD ON

AVERAGES

0.0044 0.0013
0.0000 0.0000

0.0076 0.0020
0.0000 0.0000

OF MONTHLY AVERAGED

TOP OF LAYER 4

1.3063 0.4348
0.0000 0.0000

0.0003
0 . 0000
0.0005
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000
0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

DAILY HEADS (INCHES)

0.0885
0.0000

0.0008
0.0000

0 . 0000
0.0000

0.0000
0.0012

STD. DEVIATIONS 2.2681 0.6383 0.1546 0.0010
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A-ALT3.0UT
0.0000 0.0000 0.0000 0.0000 0.0000 0.0026

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

LATERAL DRAINAGE COLLECTED

19,

0,

9,

9

.65

.990

.994

.14305

C

C

(
C

7

1.

1.

6.

.242)

3691)

3846)

43936)

CU. FEET

577886

29103

293839

268833

.6

.81

.87

.219

PERCENT

100

5

50

46.

.00

.036

.847

52007
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5

AVERAGE HEAD ON TOP
OF LAYER 4

CHANGE IN WATER STORAGE

0.00610 ( 0.00911) 179.243 0.03102

0.153 ( 0.232)

-0.479 ( 1.6313) -14069.53 -2.435
*******************************************************************************

******************************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

CINCHES)
PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH LAYER 5

AVERAGE HEAD ON TOP OF LAYER 4

MAXIMUM HEAD ON TOP OF LAYER 4

LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

3

1

0

0

21

27

122

0

.47

.563

.68613

.002246

.422

.540

.5 FEET

.00

0

0

(CU.

102028

45964

20174

66

0

.3660

.0970

FT.)

.414

.2656

.32030

.04982

.0000

*** Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
vol. 119, NO. 2, March 1993, pp. 262-270.

******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 5

LAYER (INCHES) (VOL/VOL)

1 1.5781 0.1315

2 1.1640 0.0970
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3 0.0020 0.0100

4 0.0000 0.0000

5 7.7280 0.3220

SNOW WATER 0.000

******************************************************************************
******************************************************************************
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D. RCRA Subtitle D (CCR Title 27) Equivalent Engineered Soil Cover

D.1 Objective

The purpose of the unsaturated flow modeling documented in this report is to:

(a) Evaluate the hydraulic performance of the proposed Engineered Soil Cover (Monocover);

(b) Evaluate if the proposed Monocover is hydrologically equivalent to the Title 27 prescriptive
cover, and

(c) Develop preliminary specification requirements for the Monocover.

D.2 Introduction

This calculation package documents the analyses and results of the percolation modeling (unsaturated
flow modeling) and analyses performed to evaluate the hydraulic performance of the proposed alternative
engineered soil cover (Monocover) for portions of the WDI Superfund Site. The Monocover is designed
to perform as an evapotranspirative cover, and is proposed over a 8.0-acre area (Project Area)
surrounding the area of the proposed RCRA Subtitle C cover (Dial Area) at the site. The engineered soil
cover is proposed as an alternative to the Title 27 prescriptive cover required for the Project Area.

The existing cover in the project area consists of varying thickness (in general exceeding 4 feet) of non-
engineered soil cover. The proposed engineered soil cover (Monocover) will be constructed by
excavating, processing and recompacting the upper four feet of existing soil cover to a minimum relative
compaction of 90 percent (as per ASTM D1557). The Monocover will be underlain by a minimum 1-foot
thick foundation layer that will be prepared by scarifying and recompacting the foundation soil below the
4-foot overexcavation. The cover will be graded to drain and planted with native vegetation consisting of
grasses and shrub requiring no irrigation. The native vegetation will grow during the winter months and
will lie dormant during the summer months. The project area will be maintained as an open area.

The Title 27 prescriptive cover consists of, from the top down, a minimum of 12-inch thick vegetative
soil cover; a minimum 12-inch thick barrier layer (low - permeability layer) with a saturated hydraulic
conductivity of 1 x 10"6 cm/sec or less; and a 24-inch-thick foundation layer. The Title 27 prescriptive
cover relies on the barrier layer to impede percolation of moisture into the landfill. The Monocover
controls percolation by relying on the moisture storage capacity of the soil to absorb and hold the
moisture during precipitation and the evapotranspiration characteristics of the climate/vegetation system
to release the stored water during dry periods and periods of vegetation growth. In arid and semi-arid
areas including Southern California, evapotranspirative covers have been shown to perform as well as, or
better than, the prescriptive barrier covers in controlling percolation into the landfill.
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In order to evaluate hydraulic performance of the Monocover and compare it to the performance of a Title
27 prescriptive cover, both types of covers were modeled with an unsaturated flow/water balance model,
under the same climatic conditions.

D.3 Water Balance Analyses

The water balance equation that forms the basis of the unsaturated flow model is

&S = P-ET-R-Perc
where:

AS = change in moisture storage in soil

P = precipitation

ET = evapotranspiration consisting of evaporation and transpiration

R = runoff

Perc = Percolation through the bottom of the cover

The water balance equation states that the change in the amount of water stored in the soil cover is equal
to the total precipitation, minus the amount of water lost to surface runoff, evaporation, transpiration and
percolation into the landfill.

For the project site, precipitation consists of rainfall on the cover surface. It was assumed that no
supplementary irrigation is applied on the cover surface to maintain/promote vegetation growth. The
cover performance is impacted by both the amount and distribution of precipitation.

When the precipitation rate exceeds the infiltration rate, water begins to accumulate on the surface. It is
assumed that the surface is sloped and graded such that any water that does not infiltrate the surface is
carried away as surface runoff (i.e. no ponding).

Evapotranspiration is the process of water loss from soil and/or plant surface to the atmosphere.
Evaporation of water from the soil surface is controlled by the flow of heat to and from the soil surface,
the flow of moisture to the soil surface from below, and the transfer of water vapor from the soil surface
to the atmosphere. Transpiration is the evaporation of the water from plants. When the soil surface is
well vegetated, transpiration is the dominant mode of moisture loss to the atmosphere. However, on
landfills, generally the quality of vegetation is poor.

Percolation is the quantity of downward flow through the bottom of the cover system being simulated.
This represents the quantity of flow into the landfill. Percolation is the parameter used to compare the
performance and demonstrate equivalence of alternative cover systems.
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D.4 The WinUnsat-H Code

The computer code WinUnsat-H was selected for unsaturated flow modeling. WinUnsat-H, Version 1,
developed at the University of Wisconsin, Madison, in 1998 is a Windows version of the 1-dimensional
finite difference program UNSAT-H Version 2.03 (Payer and Jones, 1990) developed by the Pacific
Northwest Laboratory, Richland, Washington, for the U.S. Department of Energy (DOE). This program
was originally developed to simulate water flow in unsaturated soil covers above the buried waste at
DOE's Hanford Site, and has since been widely used to simulate unsaturated flow through alternate
landfill covers at municipal solid waste and hazardous waste landfills.

The UNSAT-H computer code simulates 1-dimensional water and heat flow in unsaturated soils. The
model is based on Richards' equation for liquid water flow in unsaturated systems (Richards 1931), Pick's
law of diffusion for vapor flow and evaporation (Hillel 1980), and Fourier's law of heat conduction for
soil heat flow (Campbell 1985). UNSAT-H can simulate the isothermal flow of liquid water and water
vapor, the nonisothermal flow of water vapor, the flow of heat, the surface energy balance, and soil-water
extraction by plants. The basic numerical scheme used in UNSAT-H is the Crank-Nicholson method. In
the current application of the program, heat flow was not modeled.

Unsaturated flow is modeled using the Richards equation for transient vertical flow which can be
expressed as (Payer and Jones, 1990):

dh dC(h}— = -— \K(h) \ —
dt dz\ ' "h©]-S(z,t}

where:

z = depth below surface;

/ = time;

h = suction head;

C(h) = dd/di where #is the volumetric moisture content;

K(h) = unsaturated hydraulic conductivity as a function of suction head; and

S(z,t) = sink term as a function of depth and time to account for water uptake by plants.

C(h) and K(h) are based on relationships that express moisture content and hydraulic conductivity of the
soil as functions of suction head. These hydraulic properties are obtained from laboratory unsaturated
hydraulic tests on soil samples. The sink term describes the distribution of plant transpiration over the
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root zone. This is based on vegetation growth and root density models/functions that are appropriate for
the type of vegetation.

The input data required by UNSAT-H can be divided into five (5) categories (Payer and Jones, 1990):

1. program control variables;

2. soil properties;

3. initial conditions;

4. plant data; and

5. boundary conditions.

The first category of input, the set of program control variables, formulates the problem in terms of
options and parameter values chosen, maximum allowable mass-balance error, time-step control, amount
of output data saved, and simulation time. This input category also includes specification of elevation and
material type for each node.

The second category of input, soil properties, includes moisture content as a function of moisture
potential or suction head (i.e., the soil water characteristic or desorption curve) and hydraulic conductivity
as a function of suction head or moisture content.

The third category, initial conditions, consists of suction head values or moisture storage for each node at
the beginning of the simulation. The fourth category, plant data, includes mature root-length distribution,
vegetation growth, either as a function of time or germination and harvesting dates, and fraction of
unvegetated surface area.

The final category of input is the boundary conditions. For water flow at the lower boundary of the
simulated cover, input can be specified as a unit gradient, constant head, or daily flux values (such as
drainage measured with a lysimeter). For water flow at the upper boundary (the soil surface), either a
constant head or flux values (daily or hourly) can be specified or calculated. The flux values can be a
specified precipitation rate or a specified evaporation rate that is calculated based on the weather (i.e.,
solar radiation, air temperature, wind speed, and atmospheric vapor density).

D.5 Model Input Parameters

Model input parameters include cover geometry, soil properties, initial conditions, weather data,
vegetation parameters and boundary conditions. Each one of these input parameters is discussed below.
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D.5.1 Cover Geometry

Unsaturated flow was modeled through two types of covers: the Title 27 prescriptive cover and the
proposed evapotranspirative cover. The minimum dimensions of the prescriptive cover are 12 inches (30
cm) of vegetative soil underlain by 12 inches (30 cm) of low permeability soils with a saturated hydraulic
conductivity of 1 x 10"6 cm/sec. The minimum thickness of evapotranspirative Monocover previously
approved for other landfills in Southern California typically ranges from 3 to 4 feet (90 to 120 cm). The
proposed Monocover for the project area consists of 48 inches (120 cm) of engineered soil cover, as
described in Section 1.0. Both the Monocover and the Title 27 prescriptive cover are underlain by a
foundation layer. The foundation layer is intended to provide a firm and competent base to support the
cover soils. Since the foundation layer is not intended to provide a percolation control function, it was not
included in the cover geometry simulated in the unsaturated flow model. Figure D-l shows the cover
configurations modeled.

The entire 4 feet of the Monocover cover will be engineered (processed, moisture conditioned and
compacted in lifts) to a minimum relative compaction of 90 percent (as per ASTM D1557). However,
with the introduction of vegetation, root penetration and weathering, the relative compaction of the upper
portion of the engineered soil cover is expected to gradually decrease with time. For modeling purposes it
was assumed that the relative compaction of the upper 12 inches of Monocover would degrade to 85
percent. The Monocover was therefore modeled as a 1-foot thick near-surface layer of 85 percent relative
compaction underlain by a 3 - foot thick soil layer at 90 percent relative compaction.

The 48-inch-thick (120 cm) Monocover profile was discretized into 64 nodes for the numerical modeling.
The first node (Node 1) was at the surface and Node 32 was at the bottom of the profile being simulated.
The nodal spacing was kept very small (0.1 cm) near the surface and at the interface of the two different
soil layers and was progressively increased with depth through the profile to a maximum of 10 cm. The
smaller node spacing near the surface is necessary for a correct solution because very large and rapid
changes in suction head are expected at the surface as it dries and wets in response to evaporation and
precipitation (Payer and Jones, 1990). Similarly, at the interface between different soil types, large
differences in suction head or moisture content can occur, and smaller node spacing is required to
accommodate these rapid changes without numerical instability.

The 24-inch thick (60 cm) Title 27 prescriptive cover was discretized into 52 nodes. As in the case of the
monocover, nodal spacing near the surface was kept at 0.1 cm and progressively increased with depth.
The prescriptive cover consists of a layered system with two soils (vegetative soil cover and low-
permeability barrier layer) that are significantly different. Therefore, in order to be numerically stable
and accommodate large differences in suction head or moisture content near the interface of the two
layers, node spacing was reduced near the interface. This reduction to 0.1 cm at the interface was
progressively achieved within both soil layers.
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D.5.2 Soil Properties

The parameters representing the unsaturated hydraulic characteristics of a soil can be described by the
five independent van Genuchten parameters: dr, 6S, a, n, and Ks. These parameters and the moisture
storage and hydraulic conductivity functions are described in Section A of the Cover Infiltration Analyses
Calculation Package.

The laboratory test program for infiltration analyses is described in detail in Section A. Based on the
laboratory test program discussed therein, soil properties were assigned for the various cover material
types: surface layer and lower layer of the Monocover; and the vegetative soil layer and low-permeability
barrier layer of the Title 27 cover. The selected model input parameters are shown in Figure D-l.

As explained in section D.2 above, the entire thickness of the Monocover will be recompacted to 90%
RC, but the upper 12 -inch surface layer is assumed to have degraded to 85% RC due to root penetration
and weathering. The discussion in Section A above shows that the unsaturated moisture characteristic
between the 85% and 90% RC compaction samples are relatively minor. Therefore the mean values of
the van Genuchten parameters from the five TM-15 samples (remolded to 85% RC) were used to
represent the both the surface layer and lower layer of the Monocover. The Ks value of the surface layer
of the Monocover was chosen as the average Ks value of the ASTM D5084 test results on the 85% RC
samples (Table A-l), i.e. Ks = 6.7E-05 cm/sec. The Ks value for the lower layer of the Monocover was
chosen as the average Ks value of the ASTM D5084 test results on the 90% RC samples, i.e. Ks = 3.5E-
05 cm/sec.

Unsaturated soil properties for the low permeability barrier layer of the Title 27 cover are based on the
results for the TS-085 sample remolded to approximately 90% RC (Table A-2). The corresponding Ks
value, however, was reduced from the measured value of 5.4E-06 cm/sec to l.OE-06 cm/sec to match the
requirements for a prescriptive barrier layer. The Title 27 regulations do not specify any hydraulic
property requirements for the vegetative soil cover component of the prescriptive cover. On relatively flat
areas and top decks of landfills, the vegetative soil layer is typically placed at 85% RC or looser to
facilitate vegetation growth. The average unsaturated hydraulic parameters for the samples remolded to
approximately 85% RC (Table 4-1), with the Ks value increased slightly from 6.7 x 10"5 cm/sec to 1.0 x
10"4 cm/sec was selected to simulate the loose vegetative cover layer. The slightly higher Ks value was
chosen to reflect the fact that the vegetative cover layer will be placed at 85% RC and would degrade to a
less compact condition with root penetration and weathering.

D.5.3 Initial Conditions

For both cover types it was assumed that the initial gravimetric moisture content at the beginning of
simulation was approximately equal to the optimum moisture content + 2 percent. This represents the
typical moisture content at which cover soils are compacted to project specifications. The initial values of
soil suction corresponding to these values of moisture content were evaluated from the volumetric
moisture storage functions selected for each layer, and were provided as input for the UNSAT-H model
simulations.
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D.5.4 Weather Data

The weather and climate data used for the 5-year design simulation period is discussed in detail in Section
B of this Calculation Package. The data required for the UNSAT-H model includes daily values of
precipitation, maximum and minimum temperature, dew point, solar radiation and wind speed

D.5.5. Vegetation Parameters

The vegetation parameters govern the rate and efficiency of transpiration from the cover soil. The
removal of moisture by plant roots is treated as a sink term in the flow equation. This process is modeled
in three steps by the program (Payer and Jones, 1990).

In the first step, the potential evapotranspiration (PET) is portioned into potential evaporation (PE) and
potential transpiration (PT)

PET = PT + PE

In the second step, the PT is distributed over the root zone in proportion to the relative root density at
each depth. In the final step, the actual transpiration at each depth (each node) is determined based on the
potential transpiration and moisture content.

The UNSAT-H code has two methods available to partition the PET into PT and PE. One method is
based on an empirical relationship developed by Ritchie and Burnett (1971) based on seasonal Leaf Area
Index (LAI) data. The second is based on a model developed for cheatgrass at the Hanford site in
Washington (Hinds, 1975).

A seasonal LAI model was developed for the site (Figure D-2). The model assumes that the LAI
increases linearly from the day of germination to the first day of maximum transpiration, i.e., Day 90 (end
of March), remains constant until Day 151 (end of May), and then linearly decreases from Day 151 to
zero as the plant senesces. The start of germination was selected as Day 285 (mid-October) representing
the start of the growing season for the vegetation on the landfill. The day of senescence was selected as
Day 195 (mid-July) representing the day the plants reach the dormant state at the onset of summer. The
model parameters were selected to roughly represent a relatively poor stand of native vegetation and
grasses (typical for landfills with no supplementary irrigation) that grow during winter months and remain
dormant through the dry summer months. The same LAI model parameters were used for both the
Monocover and the Title 27 prescriptive cover.

Rooting depth was assumed to be 18 inches for the Monocover and 12 inches (thickness of vegetative soil
layer) for the Title 27 prescriptive cover. A normalized root length density function, developed at
Hanford for annual cheatgrass, was selected to distribute the PT over the depth of the root zone (Figure
D-2). The PT rate at each node is multiplied by a factor a/ (varying from zero to 1) that relates actual
transpiration rates to the moisture content of the soil. The factor af drops to zero when moisture content
approaches saturation (anaerobic conditions) or when it drops below the wilting point. Between these two
moisture values, a bi-linear distribution was assumed for a/.
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D.5.6 Boundary Conditions

The upper boundary condition for both the Monocover and Title 27 prescriptive cover was specified as an
hourly flux equivalent to the hourly precipitation rate. If the suction head of the surface node becomes
less than the minimum suction head specified (typically representing saturation), the program
automatically changes the top boundary condition to a constant head (minimum suction head) condition
until the precipitation rate becomes less than the potential infiltration rate. Precipitation applied during
this interval becomes surface runoff.

The surface boundary condition during evaporation is also a flux boundary condition. Evaporation flux is
calculated based on the daily weather data, consisting of maximum and minimum air temperature,
average wind speed, solar radiation and average vapor density.

The lower boundary condition specified for both types of covers modeled was the unit gradient boundary
condition. This condition corresponds to gravity-induced drainage at the bottom of the soil cover and is
appropriate when applied to soil profiles that extend below the root zone and in which drainage is not
impeded (Payer and Jones, 1990).

D.6 Results of Model Simulations

Unsaturated flow simulations were run for the two cover systems, the proposed Monocover and the Title
27 prescriptive cover shown in Figure D-l. Each cover system model was first initialized by running the
simulation for an "average" year. The average year was chosen as 1991 with an annual precipitation of
15.65 inches (37.6 cm). Following the initialization, water balance simulations were run for a period of 5
years using the input parameters described in the previous section.

Results of the water balance analyses presented in the form of annual and cumulative values of rainfall,
storage change, runoff, evapotranspiration and percolation for the evapotranspirative cover and Title 27
cover are presented in Figures D-3 and D-4, respectively. The results of the analyses for the Monocover
(Figure D-3) show that, at the end of the 5-year simulation period, the cumulative percolation through the
bottom of the Monocover is approximately 0.34% of total precipitation. The annual percolation rates
range from about 0.02% to 1.50% of precipitation

The results of the water balance simulations for the Title 27 cover are presented in Figure D-4. The 5-
year cumulative percolation through the prescriptive cover is approximately 1.82% of precipitation. The
annual percolation rates range from about 0.07% to 4.58% of precipitation.

Cumulative percolation through the Monocover and Title 27 cover are compared in Figure D-5. The
results show that the percolation through the Monocover is significantly less than the percolation through
the Title 27 cover for the 5 years simulated.
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D.7 Parametric Analyses

A series of parametric analyses were performed to evaluate the sensitivity of the percolation through the
Monocover to Ks values, total cover thickness and period of simulation. The results of the simulations
were also used to develop specifications for Monocover.

Effect of Ks of surface Layer

The Ks value of the surface layer (upper 12 inches) was varied about the average value of 6.7E-05 cm/sec
used in the equivalence demonstration simulations. The Ks value of the surface layer was incrementally
changed from 5.0E-05 cm/sec to l.OE-04 cm/sec while keeping all other hydraulic parameters unchanged.
The cumulative percolation through the cover for each case was compared to the percolation through the
Title 27 cover. The results are illustrated in Figure D-6. It is seen from this analysis that if the Ks of the
surface layer is less than or equal to 8.0E-05 cm/sec, the Monocover percolation performance is superior
to that of the Title 27 Cover.

Effect of Ks of Lower Layer

The Ks value of the lower layer of the Monocover (lower 3 feet) was increased from the average value of
3.50E-05 cm/sec used in the equivalence demonstration simulations. The Ks value of the lower layer was
incrementally changed from 3.50E-05 cm/sec to l.OE-04 cm/sec while keeping all other hydraulic
parameters unchanged. The cumulative percolation through the cover for each case was compared to the
percolation through the Title 27 cover. The results are illustrated in Figure D-7. It is seen from this
analysis that although the cumulative percolation through the Monocover increases with increasing Ks
values, its performance is still superior to that of the Title 27 cover for the range of Ks values considered.

Effect of Cover Thickness

The effect of cover thickness on cumulative percolation was evaluated by reducing the thickness of the
Monocover incrementally from 4 feet (120 cm) to 2 feet (60 cm), while keeping the hydraulic
characteristics unchanged. The results are illustrated in Figure D-8. The results show that the Monocover
should be at least 3 feet thick to meet or exceed the performance of the Title 27 cover.

Results of 10 - Year Simulation

The period of simulation was increased from 5 years to 10 years, by repeating the design 5-year period,
back to back. The results of the simulation represented in Figure D-9, shows that the results for the 10-
year simulation period are similar to the results for the 5-year period although the percolation quantities
are not identical, and that the proposed Monocover section is equivalent or superior to the Title 27 cover
section.

D.8 Conclusions and Recommendations

Unsaturated flow modeling was undertaken to study the hydraulic performance of the proposed
Monocover and to evaluate if the performance is equivalent to the Title 27 prescriptive cover. Model
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simulations were performed for both types of covers for a period of 5 years representing one of the wetter
5-year sequences on record. The proposed Monocover consisted of 4 feet of engineered soil cover over a
foundation layer of existing soil cover. Soil parameters for the model were based on laboratory
unsaturated hydraulic testing on remolded samples of typical soils from the existing cover.

Based on the results of the unsaturated flow modeling, the following conclusions can be made:

• The proposed Monocover will perform as well as, or better than, the Title 27 prescriptive cover. The
performance evaluation is based on the quantity of cumulative percolation through the cover.

• In order to meet the requirements of a suitable Monocover, the following conditions should be
satisfied:

- The Monocover should consist of an engineered soil cover that is at least 4 feet thick, and be
supported on a suitable firm foundation.

- The engineered cover soil should consist of existing cover soils that meet the material
specifications below, and is free of waste, debris, organics and particles larger than 3 inches in
size; the material should moisture conditioned close to optimum, placed in 6-inch thick lifts and
compacted to at least 90% of maximum dry density (ASTM D1557). Overcompaction should be
avoided so that potential for desiccation cracking is reduced and vegetation growth is enhanced.

The cover soils should be relatively uniform and consist predominantly of clayey sand (SC), and
sandy clay (CL) materials with fines content of greater than or equal to 30%, plasticity index (PI)
between 5 and 15, and gravel content less than 30%. The material should have a Ks value less
than or equal to 8.0E-05 cm/sec when remolded to 85% relative compaction, based on ASTM
D5084 at 5 psi confining pressure on a 4-inch diameter remolded samples screened through a %-
inch sieve. Offsite soils should be tested and approved prior to placement as Monocover.

- The cover should be vegetated with native species of grass and brush (with root depth to 18
inches) that germinate and grow during the rainy season and remain dormant during the dry
summer months. The plant species should be selected such that supplementary irrigation is not
required after the initial establishment of growth.

- The finish surface should be well graded and maintained to drain and prevent any ponding.
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Unsat-H Analysis

Date: Figure D-2



Ks =6.7E-05 cm/s for upper 12 inches and Ks =3.5E-05 for the lower 36 inches

Total Annual

Year

1
2
3
4
5

Rainfall
(cm)

39.75
56.59
71.02
23.72
58.52

ET
(cm)

18.56
22.27
19.88
17.91
23.38

Runoff
(cm)

22.16
31.49
47.22

8.74
34.28

Storage
(cm)

18.80
21.54
25.40
21.95
22.53

Percolation
(cm)

0.01
0.01
0.29
0.36
0.19

Percolation
(% of Rainfall)

0.03
0.02
0.41
1.50
0.33

Cumulative

Year

1
2
3
4
5

Rainfall
(cm)

39.75
96.34

167.36
191.08
249.61

ET
(cm)

18.56
40.82
60.70
78.61

101.99

Runoff
(cm)

22.16
53.65

100.87
109.61
143.89

A Storage
(cm)

-1.03
2.74
3.87

-3.46
0.59

Percolation
(cm)

0.01
0.02
0.31
0.67
0.86

Percolation
(% of Rainfall)

0.03
0.02
0.19
0.35
0.34

• Rainfall
Runoff
ET
Change in storage
Percolation

Advmncfd
Earth Sdmi m. Inc.

Project No.: 01-123
WDI Superfund site

Unsaturated flow modeling

Results of Monocover Simulation

Date: Figure D-3



Ks =1.0E-04 cm/s for upper 12 inches and Ks =1.0E-06 for the lower 12 inches

Total Annual
Y Rainfall ET Runoff Storage Percolation Percolation

(cm) (cm) (cm) (cm) (cm) (% of Rainfall)
1 39.75 20.49 18.17 11.415 0.03 0.07
2 56.59 26.02 26.51 15.153 0.56 0.99
3 71.02 20.89 52.61 10.302 3.25 4.58
4 23.72 18.82 6.55 8.4722 0.04 0.17
5 58.52 27.33 29.53 10.171 0.68 1.16

Cumulative

Y Rainfall ET Runoff A Storage Percolation Percolation
(cm) (cm) (cm) (cm) (cm) (% of Rainfall)

1 39.75 20.49 18.17 1.02 0.03 0.07
2 96.34 46.51 44.68 3.74 0.59 0.61
3 167.36 67.40 97.29 -4.85 3.84 2.30
4 191.08 86.22 103.84 -1.83 3.88 2.03
5 249.61 113.56 133.37 1.70 4.56 1.83

300 ————————————————————————————————————— I

250———-- —— ^
**t

200- *
^ „ - • ' " " - * - Rainfall
£ 150. ....... ^ > . _ _ _ _ . . .... _ • Runoff

o 100- _ — -j| ' - ••^^ -̂̂ ° — x — Change in Storage
< f* ^^\*——~~~~~**^ — * — Percolation

M._ ^^-^ ....... _..

-50 - ————————————————————————————————————
0 1 2 3 4 5

End of Year

^^ Project No.: 01-123
[Mi aSSTfcfanow, inc. W01 Superfund site
rMJ^m G«««*,«3/»«Fr>i«Tir,™1B/c^utor,n Unsaturatcd flow modeling

Results of Title 27 Cover Simulation

Date: Figure D-4
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Annual Percolation (cm)
K.s(cm/s)= 3.50E-05 5.00E-05 8.00E-C

1 0.01 0.02 (
2 0.01 0.02 (
3 0.29 0.64 1
4 0.36 0.43 (
5 0.19 0.21 (

Cumulative Percolation (cm)
SCs(cm/s)= 3.50E-05 5.00E-05 8.00E-C

1 0.01 0.02 C
2 0.02 0.03 (
3 0.31 0.67 ]
4 0.67 1.10
5 0.86 1.31 :

)5 l.OOE-04
).03 0.03
).02 0.03
.34 1.70

).47 0.47
).24 0.26

)5 l.OOE-04 Title 27
).03 0.03 0.03
).05 0.06 0.59
.38 1.76 3.84
.85 2.23 3.88

109 2.49 4.56

Variation of Monocover Percolation with Ks of the Lower 3 ft.

5 ————————————————————————————————— _ ————— .._

| 4-

O
1 34 - - - - - •. .-.
0 1 'a
£
> 2 - f - - - - - - -** 1
3 '
i ' /o 1 ••'-• /y

' ' */^
0 M- ' &^-

_ _ _ iff ^*

— • — Ks=3.50E-05
' — • — Ks=5.00E-05

— A — Ks=8.00E-05
^^___^c — x — Ks=1.00E-04

^^-^^^^_____^k - *• Title27

/^^-^^
0 1 2 3 4 5

End of Year

^^ Project No.: 01-123
1^3 F^mTfi^tonnr* Inr WDI Superfun
nflBB GK>t«fc.«s>/».oafn«w.™nts/cora^tjiM! Unsaturated flow i

dsite
nodeling

Parametric Analysis
Effect of Ks of Lower 3 ft of Monocover

Date: Figure D-7
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II. UNSA T-H INPUT FILE FOR SUBTITLE D Co VER
AND MONOCOVER



project.lis

program DATAINH
Version2.03

input Filename: C:\Shared\WinunsatH\project.inp
Date Processed: 10-DEC-**
Time processed: 9: 1:37

Title:
prescriptive cover 95 c5

Options chosen include:
IPLANT
IHEAT
NPRINT
IRAIN
NSURPE
ICLOUD
KOPT
INMAX
HIRRI
DMAXBA
OUTTIM
TORT

LOWER
0
0
1
1
0
4
2
0.00
l.OOOE-04 DELMAX
1.00
0.660

UPPERH
DAYEND
ICONVH
NFHOUR

KEST
INHMAX
HDRY

0
365
0

NGRAV =
LOWERH =
NDAYS =

ITOPBC =

IVAPOR =3
1

l.OOOE+07 HTOP
1.00 DELMIN

1
1

365

0
1

ISWDIF

NYEARS

ET_OPT

SH_OPT

0.00 DHMAX
l.OOOE-07 STOPHR

TSOIL 291. VAPDIF = 0.240 QHTOP

KOPT = 4: van Genuchten functions for soil hydraulic properties
MAT 1,THETA VS H,

AIRINT
THTR

N
K VS H,
AIRINK

0.0000
0 . 0000
1.2500

MAT 1,
0.0000

A = 2.30000E-02
M = 0.20000

EPIT = 0.50000

THETA VS H, MAT 2,
AIRINT = 0.0000
THTR = 0.0000

N
K VS H,

1.2800
MAT 2,

AIRINK = 0.0000
A = 4.50000E-03
M 0.21875

EPIT = 0.50000

surface node hydraulic properties

THET
ALPHA

M

SK
N

KMODEL

THET =
ALPHA =

M =

SK =
N =

KMODEL =

1

1

1

0

0.00
24.0

0.00
IVAPOR = 1: This option allows vapor flow
saturated vapor density (g/cm3)
of soil when soil temperature is
a constant equal to TSOIL = 1.521E-05
100*MOLAR*GRAV/GASCON (K/Cm) = 2.123E-04
VC (cm5/g/h)
TGRAD
WTF
MATN

0
= 0.

2

.00
500

TSMEAN =
RFACT =
NPT

0.1.
52

= 5.702E+02
00
25

TSAMP =
RAINIF =

0.00
l.OOOE-07

QHLEAK =
DHFACT =

0
0
.00
.00

0.39400
2.30000E-02
0.20000

0.36000
1.2500
2.0000

0.32400
4.50000E-03
0.21875

3.60000E-03
1.2800
2.0000

HIRRI
HDRY

0.0 , THETA = 0.3940, K
l.OOE+07, THETA = 0.0180, K

3.6000E-01, C = -1.8045E-08
1.2129E-16, C = -4.4978E-10

NDAY =

NODE

1
2
3
4
5

0

Z

0.00
0.05
0.10
0.20
0.40

MAT

1
1
1
1
1

1
1
1
1
1

HEAD

.7297E+06

.6249E+06

. 5440E+06

. 3860E+06

.1158E+06

CONDUCTIVITY

1
1
1
2
3

.2138E-14

.4303E-14

.6354E-14

.1711E-14

.8365E-14

CAPACITY

-4
-4
-4
-5
-6

.0322E-09

.3599E-09

.6473E-09

.3185E-09

.9748E-09

THETA

0.
0.
0.
0.
0.

0279
0283
0287
0295
0311

TEMP

291.0
291.0
291.0
291.0
291.0

Page 1



oroiect.lis
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Total

0.60
1.00
1.50
2.00
3.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00
18.00
20.00
22.00
24.00
26.00
27.44
28.29
28.86
29.24
29.49
29.66
29.78
29.85
29.90
30.00
30.10
30.20
30.40
30.60
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
40.00
42.00
44.00
46.00
48.00
50.00
55.00
60.00

Initial

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

8.7710E-I-05
4.6828E+05
2.8630E+04
3.9318E+03
2.6615E-.-03
2.5347E+03
2.8525E+04
1.2250E+05
1.5964E+05
1.6008E+05
1.3834E+05
1.0447E+05
6.4852E+04
2.4314E+04
7.7889E+03
4.8494E+03
3.5957E-I-03
3.0388E+03
2.7867E+03
2.6406E+03
2.5515E+03
2.4962E+03
2.4601E+03
2.4352E+03
2.4210E+03
2.4110E+03
2.3912E+03
2.3679E+03
2.3406E+03
2.2886E+03
2.2399E+03
2.1513E+03
1.9701E+03
1.8293E+03
1.7162E+03
1.6233E+03
1.5454E+03
1.4793E+03
1.4224E+03
1.3296E+03
1.2576E+03
1.2007E+03
1.1554E+03
1.1192E+03
1.0905E+03
1.0452E+03
1.0310E+03

Storage = 8.4722

7.2164E-14
3.7475E-13
5.7477E-10
1.0495E-07
2.9146E-07
3.3116E-07
5.8037E-10
1.2662E-11
6.3176E-12
6.2718E-12
9.2009E-12
1.9230E-11
6.7216E-11
8.8258E-10
1.7492E-08
6.0583E-08
1.3263E-07
2.0604E-07
2.5844E-07
2.9754E-07
3.2547E-07
3.4466E-07
3.5807E-07
3.6769E-07
3.7337E-07
3.7745E-07
3.8567E-07
2.7192E-07
2.8030E-07
2.9729E-07
3.1450E-07
3.4946E-07
4.3954E-07
5.3291E-07
6.2856E-07
7.2561E-07
8.2333E-07
9.2108E-07
1.0183E-06
1.2092E-06
1.3926E-06
1.5654E-06
1.7248E-06
1.8683E-06
1.9937E-06
2.2165E-06
2.2933E-06

cm

-9.4230E-09
-2.0647E-08
-6.7892E-07
-8.0891E-06
-1.3139E-05
-1.3960E-05
-6.8206E-07
-1.1036E-07
-7.9260E-08
-7.8986E-08
-9.4799E-08
-1.3466E-07
-2.4437E-07
-8.3272E-07
-3.4504E-06
-6.2297E-06
-9.0405E-06
-1.1144E-05
-1.2410E-05
-1.3268E-05
-1.3845E-05
-1.4227E-05
-1.4487E-05
-1.4670E-05
-1.4777E-05
-1.4854E-05
-1.5006E-05
-1.8647E-05
-1.8910E-05
-1.9430E-05
-1.9939E-05
-2.0929E-05
-2.3249E-05
-2.5387E-05
-2.7367E-05
-2.9210E-05
-3.0928E-05
-3.2533E-05
-3.4035E-05
-3.6760E-05
-3.9151E-05
-4.1239E-05
-4.3049E-05
-4.4595E-05
-4.5888E-05
-4.8073E-05
-4.8795E-05

0.0331
0.0387
0.0778
0.1277
0.1407
0.1424
0.0778
0.0541
0.0506
0.0506
0.0525
0.0563
0.0634
0.0810
0.1077
0.1212
0.1305
0.1361
0.1391
0.1410
0.1422
0.1430
0.1435
0.1438
0.1440
0.1442
0.1445
0.1653
0.1658
0.1668
0.1678
0.1696
0.1736
0.1770
0.1800
0.1826
0.1850
0.1871
0.1890
0.1922
0.1950
0.1973
0.1992
0.2008
0.2020
0.2042
0.2049

291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0

IPLANT = 1

LEAF= 1, NFROOT= 1, NUPTAK= 1, NFPET= 1, NSOW=285, NHRVST=195

Total number of Growth Day - Leaf Area Index (LAI) data pai rs =
Growth Day LAI

BARE =
DAY

1
7
13
19
25
31
37
43

0.500
LAI

0.952
1.022
1.093
1.164
1.234
1.305
1.376
1.446

0
90
151
195
285
365

DAY

2
8
14
20
26
32
38
44

0,
2
2
0,
0,
0,

LAI

0.964
1.034
1.105
1.176
1.246
1.317
1.388
1.458

.940

.000

.000

.000

.000

.940

DAY

3
9
15
21
27
33
39
45

LAI

0.975
1.046
1.117
1.187
1.258
1.329
1.399
1.470

DAY

4
10
16
22
28
34
40
46

LAI

0.987
1.058
1.128
1.199
1.270
1.340
1.411
1.482

DAY

5
11
17
23
29
35
41
47

LAI

0.999
1.070
1.140
1.211
1.282
1.352
1.423
1.494

DAY

6
12
18
24
30
36
42
48

LAI

1.011
1.081
1.152
1.223
1.293
1.364
1.435
1.505
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49
55
61
67
73
79
85
91
97
103
109
115
121
127
133
139
145
151
157
163
169
175
181
187
193
199
205
211
217
223
229
235
241
247
253
259
265
271
277
283
289
295
301
307
313
319
325
331
337
343
349
355
361

1.517
1.588
1.658
1.729
1.800
1.870
1.941
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
1.727
1.455
1.182
0.909
0.636
0.364
0.091
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.047
0.117
0.188
0.259
0.329
0.400
0.470
0.540
0.611
0.682
0.752
0.822
0.893

NFROOT = 1:

AA
Bl
B2

50
56
62
68
74
80
86
92
98
104
110
116
122
128
134
140
146
152
158
164
170
176
182
188
194
200
206
212
218
224
230
236
242
248
254
260
266
272
278
284
290
296
302
308
314
320
326
332
338
344
350
356
362

1.529
1.600
1.670
1.741
1.812
1.882
1.953
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
1.955
1.682
1.409
1.136
0.864
0.591
0.318
0.045
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.059
0.129
0.200
0.270
0.341
0.411
0.482
0.552
0.623
0.693
0.764
0.834
0.905

51
57
63
69
75
81
87
93
99
105
111
117
123
129
135
141
147
153
159
165
171
177
183
189
195
201
207
213
219
225
231
237
243
249
255
261
267
273
279
285
291
297
303
309
315
321
327
333
339
345
351
357
363

1.541 52 1.552
1.611 58 1.623
1.682 64 1.694
1.753 70 1.764
1.823 76 1.835
1.894 82 1.906
1.965 88 1.976
2.000 94 2.000
2.000 100 2.000
2 . 000 106 2 . 000
2.000 112 2.000
2.000 118 2.000
2.000 124 2.000
2.000 130 2.000
2.000 136 2.000
2.000 142 2.000
2 . 000 148 2 . 000
1.909 154 1.864
1.636 160 1.591
1.364 166 1.318
1.091 172 1.045
0.818 178 0.773
0.545 184 0.500
0.273 190 0.227
0.000 196 0.000
0.000 202 0.000
0.000 208 0.000
0.000 214 0.000
0.000 220 0.000
0.000 226 0.000
0.000 232 0.000
0.000 238 0.000
0.000 244 0.000
0.000 250 0.000
0.000 256 0.000
0.000 262 0.000
0.000 268 0.000
0.000 274 0.000
0.000 280 0.000
0.000 286 0.012
0.071 292 0.082
0.141 298 0.153
0.212 304 0.223
0.282 310 0.294
0.352 316 0.364
0.423 322 0.435
0.493 328 0.505
0.564 334 0.576
0.635 340 0.646
0.705 346 0.717
0.775 352 0.787
0.846 358 0.858
0.916 364 0.928

Negative exponential representation of
(intersection
(coefficient
(coefficient

of the
defining

53
59
65
71
77
83
89
95
101
107
113
119
125
131
137
143
149
155
161
167
173
179
185
191
197
203
209
215
221
227
233
239
245
251
257
263
269
275
281
287
293
299
305
311
317
323
329
335
341
347
353
359
365

root

1.
1.
1.
1.
1.
1.
1.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
1.
1.
1.
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

564
635
706
776
847
918
988
000
000
000
000
000
000
000
000
000
000
818
545
273
000
727
455
182
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
023
094
164
235
306
376
447
517
587
658
729
799
869
940

54
60
66
72
78
84
90
96
102
108
114
120
126
132
138
144
150
156
162
168
174
180
186
192
198
204
210
216
222
228
234
240
246
252
258
264
270
276
282
288
294
300
306
312
318
324
330
336
342
348
354
360

1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.576

.647

.717

.788

.859

.929

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.773

.500

.227

.955

.682

.409

.136

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.035

.106

.176

.247

.317

.388

.458

.529

.599

.670

.740

.811

.881

growth
curve at z=0 with abscissa) =
degree

that determines
of curvature) = 0.
the value of asymptote =

1.160
13000
0.020

Root depth, density, and weight/node versus depth
DAY

1
1
1
1
1
1
1
1
1
1
1
1
1

MAX
ROOT DEPTH

0.00
0.05
0.10
0.20
0.40
0.60
1.00
1.50
2.00
3.00
4.00
6.00
8.00

ROOT
DENSITY
(cm/cm)
0.000
1.172
1.165
1.150
1.121
1.093
1.039
0.974
0.914
0.805
0.710
0.552
0.430

NORMALIZED
DENSITY
(I/cm)

0.0000
0.1259
0.1251
0.1235
0.1204
0.1173
0.1115
0.1046
0.0982
0.0865
0.0762
0.0592
0.0462
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10.00
12.00
14.00
16.00
18.00
20.00
22.00
24.00
26.00
27.44
28.29
28.86
29.24
29.49
29.66
29.78
29.85
29.90
30.00

0.336
0.264
0.208
0.165
0.132
0.106
0.086
0.071
0.059
0.053
0.049
0.047
0.046
0.045
0.045
0.044
0.044
0.044
0.043

0.0361
0.0283
0.0223
0.0177
0.0141
0.0114
0.0093
0.0076
0.0064
0.0057
0.0053
0.0051
0.0049
0.0048
0.0048
0.0047
0.0047
0.0047
0.0047

project. "I is

MXROOT (deepest node to which roots penetrate) = 32
NUPTAK = 1: Feddes et al. 1975 moisture dependent sink term

For Material No. 1

THETAW (wilting point moisture content) = 0.0907
THETAD (lower limit of optimum moisture content) = 0.1324
THETAN (upper limit of optimum moisture content) = 0.3825

For Material NO. 2

THETAW (wilting point moisture content) = 0.0986
THETAD (lower limit of optimum moisture content) = 0.1500
THETAN (upper limit of optimum moisture content) = 0.3227

NFHOUR = 2: User subroutine for hourly PET distribution

0.0100 0.0100 0.0100 0.0100 0.0100
0.0699 0.0911 0.1061 0.1139 0.1139
0.0440 0.0150 0.0100 0.0100 0.0100

ET_OPT = 1 and IHEAT = 0:
PET calculated from meteorological data
using subroutine CALPEN

ALBEDO = 2.000E-01
ALT = 1.650E+02 (m)
zu = 8.000E+00 (m)
PMB = 1.010E+03 (mb)

0.0100 0.0150 0.0440
0.1061 0.0911 0.0699
0.0100 0.0100 0.0100

ET_OPT = 1: Meteorological Data

IDAY

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Temperature
Max Mi n Dew
F F F

65.
63.
56.
55.
61.
61.
53.
58.
65.
56.
59.
59.
58.
60.
59.
57.
61.
64.
60.
58.

41.
35.
47.
47.
40.
39.
48.
53.
54.
53.
52.
50.
53.
53.
38.
36.
35.
40.
39.
40.

31.1
29.6
45.6
49.8
29.8
43.9
27.8
34.4
41.6
39.2
39.3
38.2
38.7
38.1
44.7
41.0
38.8
30.5
31.4
37.0

Solar
Radly/d
232.
258.
97.
40.
285.
248.
62.
57.

148.
40.
69.
102.
41.
95.
260.
278.
297.
292.
215.
227.

Wind
Speed
mph
2.0
2.0
3.0
4.0
6.0
2.0
3.0
2.0
2.0
2.0
3.0
2.0
2.0
2.0
5.0
3.0
2.0
1.0
3.0
4.0

Cloud
Cover
tenth
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Prec.
in
0.00
0.00
0.35
3.03
0.04
0.00
0.67
1.06
0.04
2.92
0.24
0.47
0.00
0.16
0.04
0.04
0.00
0.00
0.01
0.11
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21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

55.
58.
58.
63.
55.
60.
59.
71.
76.
78.
81.
87.
89.
89.
88.
83.
76.
63.
59.
65.
67.
60.
64.
57.
59.
69.
73.
75.
76.
89.
88.
62.
66.
68.
72.
63.
68.
64.
62.
59.
59.
60.
66.
61.
70.
72.
74.
75.
63.
62.
65.
71.
79.
79.
76.
71.
73.
69.
62.
57.
63.
57.
63.
65.
71.
73.
72.
74.
76.
79.
75.
75.
83.
81.
74.
67.
64.
71.
72.

42.
43.
51.
51.
50.
47.
43.
41.
47.
48.
50.
47.
47.
50.
50.
49.
45.
51.
47.
43.
41.
52.
45.
44.
54.
47.
45.
45.
50.
45.
54.
48.
48.
47.
55.
47.
46.
53.
47.
49.
51.
54.
48.
56.
48.
45.
49.
49.
51.
50.
46.
47.
51.
50.
49.
57.
53.
52.
54.
42.
45.
39.
38.
34.
37.
41.
40.
43.
38.
43.
45.
46.
46.
49.
50.
48.
46.
47.
44.

43.6
42.2
48.2
40.6
29.6
33.4
47.5
47.9
47.3
32.5
33.6
41.2
40.2
39.3
36.0
38.1
46.3
53.1
49.9
48.1
47.1
51.7
49.3
48.3
52.7
52.4
44.3
47.0
40.3
31.4
42.9
41.3
53.3
53.8
57.9
41.8
41.0
43.3
38.1
39.8
44.3
47.1
40.8
49.8
40.8
37.1
38.0
37.4
36.2
42.7
37.8
38.8
43.1
43.2
43.8
46.2
45.1
44.5
55.3
42.8
38.3
41.2
38.2
35.6
39.4
42.0
42.8
44.3
43.6
44.0
50.9
51.9
51.7
55.3
54.0
49.2
48.9
50.7
46.5

182.
176.
64.

139.
53.

299.
144.
319.
329.
352.
346.
353.
350.
367.
376.
369.
349.
221.
115.
301.
357.
152.
368.
74.
62.

376.
351.
395.
445.
455.
446.
98.

217.
231.
349.
112.
268.
191.
176.
133.
119.
94.

276.
60.

470.
452.
451.
401.
105.
189.
404.
480.
483.
477.
479.
349.
406.
185.
149.
237.
515.
228.
578.
582.
590.
581.
577.
542.
589.
589.
546.
554.
597.
588.
553.
327.
198.
422.
550.

3.0
2.0
3.0
3.0
3.0
3.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
3.0
3.0
2.0
2.0
3.0
3.0
3.0
3.0
4.0
2.0
2.0
2.0
4.0
2.0
3.0
2.0
2.0
2.0
4.0
2.0
2.0
3.0
2.0
2.0
2.0
3.0
2.0
5.0
3.0
2.0
2.0
2.0
3.0
4.0
3.0
2.0
2.0
2.0
3.0
3.0
3.0
2.0
3.0
5.0
3.0
5.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

project. Us
0.02
0.04
0.63
0.91
0.79
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.55
0.67
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.20
0.32
0.24
2.21
0.00
0.00
0.00
0.00
0.71
2.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.39
0.00
0.87
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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OO'O
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OO'O
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OO'O
OO'O
OO'O
OO'O
8I'T
80'0
OO'O
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EKO
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O'E
O ' E
O' f r
O'fr
0" V
O 'E
0' V
O'E
O'E
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O ' Z
O't-
O't'
O'E
O'fr
O 'E
O 'E
O'E
O't'
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•£TZ
'ETZ
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' f rZS
'£8t-
'089
VSE
'Z89
•I8E
1 OVT
•6ZI
•^f9
'£99
•SZ9
•£6S
•TOS
'ZZ9
•T9Z
•£ZI
•8ZI
•ZZT
'ZZ£
'Z6V
'69S
•9ZV
'6ES
'ZZE
'Sit?
"9ZV
'Z6E
"6VZ
'SEE
'EZ9
'6£9
'98E
'80Z
'SEE
'St-E
'TVE
'60S
'86E
"9SV
'Z9Z
'VIS
'89T
'ETE
'T9S
'OV9
'Z99
'699
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' ZV9
' SZZ
'6ZV
'90Z
'OZZ
' VET
'9IS
'60S
'99S
'6VS
'809
'6Z9
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8'£9
6'T9
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O ' Z S
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Z'SV
6 ' V S
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T '8S
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8 'TS
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E ' S S
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Z ' V S
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V 6S
8'9S
E ' Z S
Z '6V
VZS
E'TS
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Z 'TS
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S ' O SE'ev
Z '6V
T 'SV
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6 'VS
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E 'VS
8 ' S S
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6'ZS
8'8V
O ' Z V
O'EV
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Z 'S t -
9'frfr
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T'Et
S'Et '
S ' S f r
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O'TS
8'9t-
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'OS
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'ZOT
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'SOT
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'TOT
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179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.

88.
84.
87.
80.
84.
78.
78.
89.
84.
91.
93.
93.
94.
90.
87.
87.
90.
90.
89.
91.
93.
91.
90.
88.
86.
88.
89.
90.
97.

104.
100.
102.
91.
91.
93.
92.
94.
91.
93.
94.
95.
95.
93.
88.
97.
96.
95.
90.
88.
84.
86.
89.
90.
88.
90.
92.
92.
95.
94.
93.
96.
99.

101.
101.
100.

99.
101.
97.
97.
99.
94.
92.
88.
86.
86.
90.
96.
97.
99.

56.
59.
56.
55.
54.
53.
58.
55.
57.
57.
59.
58.
60.
56.
52.
51.
55.
58.
63.
59.
58.
57.
53.
52.
55.
57.
56.
57.
58.
60.
62.
65.
65.
62.
63.
61.
61.
61.
58.
56.
60.
61.
62.
58.
58.
58.
58.
54.
57.
57.
55.
56.
57.
62.
65.
63.
59.
56.
54.
53.
57.
60.
60.
63.
64.
61.
68.
64.
60.
59.
62.
62.
57.
55.
53.
58.
58.
58.
58.

63.3
62.7
61.4
59.5
59.9
58.1
60.3
63.7
63.7
65.3
67.0
64.9
66.3
62.8
58.3
59.2
64.3
65.9
67.6
65.3
66.1
64.9
60.4
60.3
62.5
64.8
65.2
65.8
68.5
70.5
70.7
74.3
71.1
70.1
69.7
68.9
69.6
68.3
66.8
66.3
69.2
69.7
69.6
65.0
66.9
67.5
65.1
62.1
64.2
59.8
56.1
57.5
59.2
61.5
62.0
60.9
59.6
58.4
55.4
53.7
53.3
54.1
58.1
61.9
63.4
62.2
64.9
62.1
60.0
57.8
60.8
60.1
57.5
54.9
54.1
36.6
57.3
60.5
61.1

620.
649.
690.
702.
713.
664.
435.
673.
666.
647.
614.
678.
605.
714.
731.
705.
682.
664.
327.
684.
686.
694.
708.
699.
679.
692.
682.
674.
654.
677.
664.
654.
655.
628.
624.
637.
635.
643.
652.
650.
601.
631.
603.
629.
622.
636.
644.
653.
650.
613.
629.
637.
625.
520.
584.
597.
616.
616.
621.
638.
609.
610.
609.
611.
567.
379.
543.
564.
589.
572.
488.
554.
569.
554.
554.
480.
544.
532.
525.

3.0
4.0
3.0
4.0
3.0
4.0
3.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

project. Us
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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258.
259.
260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324.
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.

96.
82.
83.
87.
89.
88.
87.
87.
84.
86.
84.
82.
79.
70.
78.
90.
90.
99.
89.
87.
90.
81.
79.
78.
81.
87.
77.
79.
84.
85.
77.
75.
80.
76.
80.
82.
70.
76.
82.
80.
80.
81.
86.
75.
75.
74.
64.
66.
71.
75.
76.
82.
70.
78.
77.
72.
73.
83.
75.
82.
71.
69.
69.
77.
82.
79.
80.
71.
76.
86.
88.
82.
67.
75.
74.
84.
81.
76.
68.

60.
59.
56.
56.
57.
58.
55.
55.
57.
57.
57.
59.
60.
60.
55.
54.
55.
59.
60.
54.
53.
51.
55.
59.
54.
52.
56.
55.
51.
53.
53.
52.
50.
55.
55.
54.
54.
50.
43.
44.
46.
47.
49.
49.
55.
55.
54.
54.
50.
48.
51.
47.
51.
SO.
53.
46.
50.
50.
50.
49.
49.
49.
48.
48.
49.
47.
48.
46.
49.
53.
55.
49.
43.
42.
47.
47.
50.
47.
46.

63.1
60.5
55.0
56.8
58.8
57.8
56.3
56.8
57.5
57.0
57.3
61.0
55.3
53.7
52.5
51.8
52.7
52.1
40.0
54.2
49.4
52.1
53.4
55.3
54.0
53.7
54.8
53.6
53.5
55.2
52.4
51.7
52.0
54.9
54.5
53.5
52.0
49.2
39.9
40.6
44.7
46.9
50.5
49.4
54.0
52.8
51.6
50.5
48.7
48.7
49.5
44.4
49.1
48.2
41.9
46.8
49.3
49.7
41.1
49.1
49.4
49.2
51.2
51.1
52.3
50.6
51.1
49.2
50.2
51.1
54.3
50.8
47.5
41.9
24.8
46.0
51.6
49.0
48.4

511.
444.
489.
512.
500.
490.
503.
484.
486.
492.
476.
472.
468.
145.
444.
494.
501.
498.
486.
457.
458.
410.
429.
436.
386.
419.
313.
332.
337.
399.
345.
378.
400.
232.
319.
386.
185.
358.
417.
400.
399.
367.
349.
188.
226.
268.

56.
152.
317.
315.
300.
355.
256.
324.
327.
299.
263.
328.
321.
302.
197.
176.
93.

274.
292.
294.
284.
197.
276.
298.
264.
248.
207.
288.
275.
296.
280.
261.
192.

3.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0
3.0
2.0
2.0
2.0
2.0
3.0
2.0
2.0
4.0
3.0
3.0
3.0
2.0
2.0
3.0
3.0
2.0
2.0
3.0
3.0
2.0
3.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

project. ITS
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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337. 68
338. 72
339. 78
340. 75
341. 65
342. 73
343. 77
344. 76
345. 68
346. 61
347. 64
348. 68
349. 70
350. 64
351. 66
352. 65
353. 63
354. 58
355. 64
356. 59
357. 52
358. 60
359. 65
360. 71
361. 72
362. 64
363. 66
364. 68
365. 65

NFPET = 1

DAY

1
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
85

. 44. 48.5 201. 2.0 0.0

. 46. 49.8 229. 2.0 0.0

. 46. 49.9 218. 2.0 0.0

. 47. 50.6 191. 2.0 0.0

. 48. 50.6 106. 2.0 0.0

. 48. 50.3 221. 2.0 0.0

. 46. 48.2 257. 2.0 0.0

. 44. 46.8 258. 3.0 0.0

. 45. 46.8 163. 2.0 0.0

. 50. 49.3 65. 2.0 0.0

. 46. 50.8 105. 3.0 0.0

. 44. 45.6 283. 2.0 0.0

. 45. 45.7 242. 3.0 0.0

. 39. 40.2 215. 2.0 0.0

. 35. 35.6 282. 2.0 0.0

. 33. 35.5 272. 2.0 0.0

. 41. 41.3 240. 2.0 0.0

. 40. 37.8 219. 3.0 0.0

. 40. 40.6 273. 3.0 0.0

. 40. 32.7 253. 2.0 0.0

. 42. 39.1 122. 4.0 0.0

. 40. 34.6 169. 3.0 0.0

. 42. 33.8 179. 3.0 0.0

. 34. 33.9 296. 2.0 0.0

. 39. 37.8 274. 2.0 0.0

. 39. 39.2 252. 2.0 0.0

. 41. 40.7 165. 2.0 0.0

. 43. 45.4 224. 2.0 0.0

. 44. 48.6 227. 2.0 0.0

PET is partitioned into PT and PE
to the relationship developed by
(1972)

PET

0.1571
0.0000
0.2884
0.0510
0.0906
0.0357
0.0000
0.1084
0.1453
0.1466
0.0472
0.0000
0.0470
0.0059
0.2382
0.3193
0.3257
0.3638
0.2736
0.0000
0.2093
0.2079
0.0000
0.2494
0.4403
0.4716
0.0747
0.2410
0.1780
0.0984
0.0296
0.1854
0.3893
0.3760
0.0876
0.3143
0.4184
0.4190
0.3536
0.0185
0.3861
0.4134
0.4403

PTRANS

0.0371
0.0000
0.0706
0.0127
0.0229
0.0092
0 . 0000
0.0287
0.0390
0.0400
0.0131
0.0000
0.0134
0.0017
0.0694
0.0941
0.0972
0.1099
0.0836
0.0000
0.0654
0.0657
0.0000
0.0805
0.1436
0.1554
0.0249
0.0810
0.0604
0.0337
0.0102
0.0647
0.1371
0.1336
0.0314
0.1136
0.1525
0.1540
0.1311
0.0069
0.1454
0.1570
0.1685

PEVAPO

0.1200
0 . 0000
0.2178
0.0383
0.0677
0.0266
0.0000
0.0797
0.1063
0.1067
0.0342
0.0000
0.0337
0.0042
0.1688
0.2251
0.2285
0.2540
0.1900
0.0000
0.1439
0.1422
0.0000
0.1689
0.2967
0.3162
0.0499
0.1600
0.1176
0 . 0647
0.0194
0.1207
0.2522
0.2424
0.0562
0.2007
0.2659
0.2650
0.2225
0.0116
0.2407
0.2565
0.2718

DAY

2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84
86

project.! iso;oo
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.16
0.08
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.31
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

according
Ritchie

PET

0.1588
0.0000
0.0981
0.0196
0.0000
0.0388
0.0430
0.1170
0.1732
0.1417
0.0563
0.0965
0.2319
0.1811
0.3118
0.3197
0.3529
0.3348
0.0861
0.1482
0.0306
0 . 0000
0.2216
0.2839
0.4315
0.0260
0.0875
0.0352
0.1374
0.0548
0.0235
0.0179
0.3557
0.3377
0.1392
0.3783
0.4085
0.3071
0.1175
0.1222
0.1128
0.4012
0.4547

PTRANS

0.0379
0.0000
0.0242
0.0049
0.0000
0 . 0100
0.0113
0.0312
0.0469
0.0389
0.0157
0.0272
0.0663
0.0524
0.0914
0.0948
0.1060
0.1017
0.0264
0.0461
0.0096
0.0000
0.0711
0.0921
0.1414
0.0086
0.0293
0.0119
0.0468
0.0188
0.0082
0.0063
0.1258
0.1205
0.0501
0.1373
0.1496
0.1134
0.0437
0.0458
0.0427
0.1529
0.1747

PEVAPO

0.1209
0.0000
0.0739
0.0146
0.0000
0.0287
0.0317
0.0858
0.1263
0.1028
0.0406
0.0693
0.1657
0.1287
0.2204
0.2249
0.2470
0.2331
0.0596
0.1022
0.0210
0.0000
0.1505
0.1918
0.2901
0.0174
0.0582
0.0233
0.0906
0.0359
0.0153
0.0116
0.2299
0.2172
0.0891
0.2410
0.2590
0.1938
0.0738
0.0763
0.0702
0.2483
0.2801
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project. ITS
87
89
91
93
95
97
99
101
103
105
107
109
111
113
115
117
119
121
123
125
127
129
131
133
135
137
139
141
143
145
147
149
151
153
155
157
159
161
163
165
167
169
171
173
175
177
179
181
183
185
187
189
191
193
195
197
199
201
203
205
207
209
211
213
215
217
219
221
223
225
227
229
231
233
235
237
239
241
243

0.4355
0.4529
0.4098
0.5064
0.4207
0.0794
0.4161
0.5243
0.4413
0.3354
0.1387
0.3040
0.4491
0.6241
0.5080
0.1974
0.3801
0.3798
0.3805
0.2741
0.0912
0.4786
0.2284
0.2614
0.2853
0.3827
0.5163
0.2640
0.0318
0.1443
0.3864
0.6420
0.5760
0.0483
0.5506
0.5791
0.4417
0.6422
0.6902
0.5228
0.0449
0 . 6142
0.5714
0.6303
0.6259
0.3939
0.5542
0.6273
0.6229
0 . 3464
0.5737
0.5797
0.5892
0.6575
0.6145
0.2893
0.6502
0.6510
0.5948
0.6080
0.6313
0.6780
0.6356
0.6000
0.6045
0.6117
0.5730
0.5722
0.6095
0.6290
0.5842
0.5871
0.6046
0.5992
0.6188
0.6258
0.6506
0.6767
0.6289

0.1679
0.1760
0.1598
0.1975
0.1640
0.0310
0.1623
0.2045
0.1721
0.1308
0.0541
0.1186
0.1751
0.2434
0.1981
0.0770
0.1482
0.1481
0.1484
0.1069
0.0356
0.1866
0.0891
0.1019
0.1112
0.1493
0.2013
0.1030
0.0124
0.0563
0.1507
0.2504
0.2246
0.0183
0.2021
0.2056
0.1514
0.2120
0.2189
0.1588
0.0130
0.1692
0.1489
0.1544
0.1431
0.0833
0.1072
0.1093
0.0956
0.0454
0.0608
0.0451
0.0261
0 . 0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0 . 0000

0.2676
0.2769
0.2500
0.3089
0.2566
0.0484
0.2538
0.3198
0.2692
0.2046
0.0846
0.1855
0.2739
0.3807
0.3099
0.1204
0.2319
0.2317
0.2321
0.1672
0.0556
0.2919
0.1393
0.1595
0.1740
0.2335
0.3150
0.1611
0.0194
0.0880
0.2357
0.3916
0.3514
0.0300
0.3486
0.3735
0.2903
0.4302
0.4713
0.3640
0.0319
0.4450
0.4225
0.4759
0.4827
0.3106
0.4470
0.5180
0.5273
0.3010
0.5128
0.5346
0.5632
0.6575
0.6145
0.2893
0.6502
0.6510
0.5948
0.6080
0.6313
0.6780
0.6356
0.6000
0.6045
0.6117
0.5730
0.5722
0.6095
0.6290
0.5842
0.5871
0.6046
0.5992
0.6188
0.6258
0.6506
0.6767
0.6289

88
90
92
94
96
98
100
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
180
182
184
186
188
190
192
194
196
198
200
202
204
206
208
210
212
214
216
218
220
222
224
226
228
230
232
234
236
238
240
242
244

0.4276
0.4979
0.4164
0.4825
0.2075
0.2935
0.5078
0.4791
0.3409
0.0000
0.0627
0.0820
0.5455
0.6210
0.4350
0.0625
0.1523
0.2848
0.2400
0.2125
0.2503
0.4594
0.1637
0.3275
0.2034
0.3587
0.4136
0.0751
0.0662
0.5083
0.5156
0.6262
0.0266
0.2767
0.2417
0.3606
0.5799
0.7126
0.6122
0.0896
0.4987
0.6175
0.5458
0.6304
0.5754
0.5891
0.5958
0.6081
0.5526
0.6185
0.5953
0.6501
0.6631
0.6201
0.6078
0.6463
0.6442
0.6216
0.6206
0.6109
0.7070
0.7001
0.5789
0.5967
0.5996
0.6059
0.6071
0.5654
0.6126
0.5942
0.5695
0.6127
0.5072
0.6178
0.6247
0.6382
0.6806
0.6810
0.3859

0.1655
0.1942
0.1624
0.1882
0.0809
0.1145
0.1980
0.1868
0.1329
0.0000
0.0244
0.0320
0.2127
0.2422
0.1696
0.0244
0.0594
0.1111
0.0936
0.0829
0.0976
0.1792
0.0638
0.1277
0.0793
0.1399
0.1613
0.0293
0.0258
0.1982
0.2011
0.2442
0.0102
0.1032
0.0872
0.1258
0.1951
0.2307
0.1901
0.0266
0.1410
0.1655
0.1380
0.1494
0.1267
0.1194
0.1096
0.0997
0.0787
0.0735
0.0550
0.0402
0.0161
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.2621
0.3037
0.2540
0.2944
0.1266
0.1791
0.3098
0.2923
0.2079
0.0000
0.0382
0.0500
0.3327
0.3788
0.2653
0.0381
0.0929
0.1737
0.1464
0.1296
0.1527
0.2803
0.0999
0.1998
0.1241
0.2188
0.2523
0.0458
0.0404
0.3101
0.3146
0.3820
0.0164
0.1736
0.1544
0.2348
0.3848
0.4820
0.4221
0.0630
0.3577
0.4519
0.4078
0.4810
0.4486
0.4697
0.4862
0.5083
0.4738
0.5450
0.5403
0.6099
0.6470
0.6201
0.6078
0.6463
0.6442
0.6216
0.6206
0.6109
0.7070
0.7001
0.5789
0.5967
0.5996
0.6059
0.6071
0.5654
0.6126
0.5942
0.5695
0.6127
0.5072
0.6178
0.6247
0.6382
0.6806
0.6810
0.3859
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project, "lis
245
247
249
251
253
255
257
259
261
263
265
267
269
271
273
275
277
279
281
283
285
287
289
291
293
295
297
299
301
303
305
307
309
311
313
315
317
319
321
323
325
327
329
331
333
335
337
339
341
343
345
347
349
351
353
355
357
359
361
363
365

Total s :

0.6260
0.6258
0.5140
0.5467
0.4884
0.5751
0.5557
0.4029
0.4835
0.4743
0.4509
0.4632
0.4078
0.0921
0.4957
0.5674
0.4332
0.3520
0.3854
0.3890
0.2824
0.3568
0.2791
0.1681
0.3433
0.2681
0.3279
0.3199
0.1097
0.2039
0.0750
0.2200
0.3251
0.2500
0.2138
0.2945
0.2383
0.0792
0.1812
0.2053
0.0933
0.2576
0.1826
0.2017
0.2438
0.1716
0.0816
0.1337
0.0000
0.1717
0.0629
0.0000
0.1587
0.1656
0.1197
0.1649
0.0329
0.1356
0.1845
0.0735
0.0905

PET
PTRANS =
PEVAPO =

0.0000
0 . 0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0 . 0000
0 . 0000
0.0000
0.0040
0.0087
0.0118
0.0051
0.0114
0.0049
0.0160
0.0263
0.0221
0.0205
0.0303
0.0261
0.0092
0.0222
0.0265
0.0126
0.0363
0.0268
0.0307
0.0385
0.0280
0.0138
0.0232
0.0000
0.0316
0.0119
0.0000
0.0315
0.0336
0.0249
0.0350
0.0071
0.0300
0.0416
0.0169
0.0212

130.3472
20.1025
104.1221

0.6260
0.6258
0.5140
0.5467
0.4884
0.5751
0.5557
0.4029
0.4835
0.4743
0.4509
0.4632
0.4078
0.0921
0.4957
0.5674
0.4332
0.3520
0.3854
0.3890
0.2824
0.3568
0.2791
0.1681
0.3433
0.2640
0.3193
0.3081
0.1046
0.1925
0.0702
0.2039
0.2988
0.2279
0.1933
0.2642
0.2122
0.0700
0.1590
0.1788
0.0807
0.2213
0.1558
0.1710
0.2053
0.1436
0.0679
0.1105
0.0000
0.1401
0.0510
0.0000
0.1272
0.1319
0.0948
0.1299
0.0258
0.1056
0.1428
0.0566
0.0693

246
248
250
252
254
256
258
260
262
264
266
268
270
272
274
276
278
280
282
284
286
288
290
292
294
296
298
300
302
304
306
308
310
312
314
316
318
320
322
324
326
328
330
332
334
336
338
340
342
344
346
348
350
352
354
356
358
360
362
364

0.6141
0.6234
0.5724
0.5221
0.5427
0.5542
0.5257
0.4482
0.4786
0.4718
0.4430
0.4346
0.4268
0.3864
0.5039
0.5463
0.4311
0.3730
0.3353
0.2528
0.2927
0.2808
0.3328
0.2703
0.1117
0.3487
0.3217
0.2920
0.1824
0.0000
0.2135
0.2420
0.1591
0.3140
0.1720
0.2607
0.1033
0.0000
0.2162
0.2022
0.1872
0.2290
0.0844
0.2436
0.2083
0.0822
0.1210
0.0996
0.1232
0.1881
0.0000
0.1633
0.1021
0.1484
0.1150
0.1479
0.1013
0.1956
0.1349
0.1125

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0010
0.0073
0.0102
0.0122
0.0094
0.0000
0.0147
0.0186
0.0135
0.0289
0.0171
0.0277
0.0117
0.0000
0.0272
0.0267
0.0258
0.0329
0.0126
0.0378
0.0335
0.0136
0.0207
0.0176
0.0224
0.0351
0.0000
0.0320
0.0205
0.0305
0.0242
0.0318
0.0222
0.0437
0.0307
0.0261

0.6141
0.6234
0.5724
0.5221
0.5427
0.5542
0.5257
0.4482
0.4786
0.4718
0.4430
0.4346
0.4268
0.3864
0.5039
0.5463
0.4311
0.3730
0.3353
0.2528
0.2927
0.2808
0.3328
0.2703
0.1107
0.3414
0.3114
0.2797
0.1730
0.0000
0.1988
0.2234
0.1456
0.2850
0.1549
0.2330
0.0916
0 . 0000
0.1890
0.1755
0.1613
0.1961
0.0718
0.2058
0.1749
0.0686
0.1003
0.0820
0.1009
0.1530
0.0000
0.1313
0.0816
0.1179
0.0908
0.1162
0.0791
0.1519
0.1041
0.0864

TRAIN
Rainfall/irrigation Details

Day

3
4

S

Time
Chr)
0.000
1.000
0.000
7.000
8.000
0.000

Amount Application
(cm) Type
0.8890
0 . 0000
7.0000
0.6962
0.0000
0.1016

1

1

1

Ef f i ci ency

1.000
1.000

1.000

Changes in
Rate/Head

2
3

2
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7

8

9

10

11

12

14

15

16

19

20

21

22

23

24

25

44

45

55
61

62

63
64

69

70

79

80

82

106

107

108

132

1.000
0.000
1.000
2.000
0.000
2.000
3.000
0.000
1.000
0.000
7.000
8.000
0.000
1.000
0.000
1.000
2.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
2.000
0.000
2.000
3.000
0.000
2.000
3.000
0.000
1.000
2.000
0.000
1.000
2.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
5.000
6.000
0.000
1.000
2.000
0.000
5.000
6.000
0.000
1.000
0.000
1.000
0.000
2.000
3.000
0.000
1.000
2.000
0.000
1.000
0.000
1.000
2.000
0.000

0.0000
1.0000
0.7018
0 . 0000
2.0000
0.6924
0.0000
0 . 1016
0.0000
7.0000
0.4168
0.0000
0.6096
0.0000
1.0000
0.1938
0.0000
0.4064
0.0000
0 . 1016
0.0000
0.1016
0.0000
0.0254
0.0000
0.2794
0.0000
0.0508
0.0000
0.1016
0.0000
1.0000
0.6002
0 . 0000
2.0000
0.3114
0.0000
2.0000
0.0066
0.0000
1.0000
0.3970
0.0000
1.0000
0.7018
0.0000
0.2032
0.0000
0.5080
0 . 0000
0.8128
0 . 0000
0.6096
0 . 0000
5.0000
0.6134
0 . 0000
1.0000
0.8034
0.0000
5 . 0000
0.5118
0.0000
0.0508
0.0000
0.9906
0.0000
2 . 0000
0.2098
0.0000
1.0000
0.3970
0.0000
0 . 1016
0.0000
1.0000
0.0922
0.0000
0.0254

project.Ins
I 1.000 3

1 1.000 3

1 1.000 2

1 1.000 3

1 1.000 2

1 1.000 3

1 1.000 2

1 1.000 2

1 1.000 2

1 1.000 2

1 1.000 2

1 1.000 2

1 1.000 2

1 1.000 3

1 1.000 3

1 1.000 3

1 1.000 3

1 1.000 3

1 1.000 2

1 1.000 2

1 1.000 2

1 1.000 2

1 1.000 3

1 1.000 3

1 1.000 3

1 1.000 2

1 1.000 2
1 1.000 3

1 1.000 3

1 1.000 2

1 1.000 3

1 1.000 2
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project.ITS
1.000 0.0000

144 0.000 0.2032 1 1.000 2
1.000 0.0000

166 0.000 0.2032 1 1.000 2
1.000 0.0000

167 0.000 2.0000 1 1.000 3
2.000 0.9972
3.000 0.0000

258 0.000 0.2032 1 1.000 2
1.000 0.0000

346 0.000 0.4064 1 1.000 2
1.000 0.0000

347 0.000 0.2032 1 1.000 2
1.000 0.0000

348 0.000 0.1016 1 1.000 2
1.000 0.0000

357 0.000 0.7874 1 1.000 2
1.000 0.0000

NWATER (number of days of rain/irrigation) = 43

Total water Applied = 58.5216 cm
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project. "I is

Program DATAINH
Version2.03

input Filename: c:\Shared\winunsatH\unsatH_02\monocover\case 5\project.inp
Date Processed: 10-DEC-**
Time processed: 9:46:57

Title:
Monocover case 5 1995

Options chosen include:
IPLANT = 1 LOWER = I
IHEAT = 0 UPPERH = 0
NPRINT = 0 DAYEND =365
IRAIN = 1 ICONVH = 0
NSURPE = 1 NFHOUR = 2
ICLOUD = 0
KOPT = 4 KEST
INMAX = 2 INHMAX
HIRRI = 0.00 HDRY
DMAXBA = l.OOOE-04 DELMAX
OUTTIM = 1.00
TORT = 0.660 TSOIL = 291.

NGRAV
LOWERH
NDAYS

2 ITOPBC =

3 IVAPOR =
1
l.OOOE+07 HTOP
1.00 DELMIN =

1
1

365
0
1

IVAPOR = 1: This option allows vapor flow
Saturated vapor density (g/cm3)
of soil when soil temperature is
a constant equal to TSOIL = 1.521E-05
100*MOLAR*GRAV/GASCON (K/Cffl) = 2.123E-04
VC (cmS/g/h) = 5.702E+02
TGRAD = 0.00 TSMEAN = 0.00 TSAMP
WTF = 0.500 RFACT = 1.25 RAINIF

ISWDIF

NYEARS

ET_OPT

SH_OPT

0.00 DHMAX
l.OOOE-07 STOPHR

VAPDIF = 0.240 QHTOP

MATN NPT = 64

0.00 QHLEAK
l.OOOE-07 DHFACT

1

1

1

0

0.00
24.0
0.00

0.00
0.00

KOPT = 4: van Genuchten functions for soil hydraulic properties
MAT 1,THETA VS H,

AIRINT
THTR

N
K VS H,
AIRINK

A
M

EPIT

0.0000
0.0000
1.2500

MAT 1,
0.0000

= 2.30000E-02
= 0.20000
= 0.50000

THETA VS H, MAT 2,
AIRINT = 0.0000
THTR = 0.0000

N = 1.2500
K VS H, MAT 2,
AIRINK

A
M

EPIT

0.0000
2.30000E-02
0.20000
0.50000

THET
ALPHA

M

SK
N

KMODEL

THET =
ALPHA =

M =

SK =
N =

KMODEL =

0.39400
2.30000E-02
0.20000

0.24000
1.2500
2.0000

0.39400
2.30000E-02
0.20000
0.24000
1.2500
2.0000

Surface node hydraulic properties
HIRRI
HDRY
NDAY

NODE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

0.0
l.OOE+07,

= 0

z
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.80
1.00
'1.20
1.60
2.00
3.00
4.00
5.00
10.00

MAT

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1.
1.
1.
9.
8.
7.
7.
5.
3.
2.
5.
3.
2.
2.
3.
1.

THETA = 0.3940
THETA = 0.0180

HEAD

3621E+06
2288E+06
1091E+06
9628E+05
9190E+05
9401E+05
0148E+05
3105E+05
7784EH-05
3972E-f05
9882E+03
1468E+03
4855E+03
8566E+03
1715E+04
8817E+05

, K = 2.4000E-01, C = -1.8045E-08
, K = 8.0860E-17, C = -4.4978E-10

CONDUCTIVITY

1
1
2
3
4
6
8
1
4
1
2
1
2
1
2
2

.5150E-14

.9855E-14

.5981E-14

.4434E-14

.6043E-14

.2473E-14

.6484E-14

.7958E-13

.3884E-13

.4488E-12

.3235E-08

.2537E-07

.3237E-07

.6147E-07

.9294E-10

.7356E-12

CAPACITY

-5
-6
-7
-8
-9
-1
-1
-1
-2
-4
-4
-1
-1
-1
-5
-6

.4354E-09

.1825E-09

.0271E-09

.0357E-09

.2281E-09

.0671E-08

.2459E-08

.7643E-08

.7000E-08

.7683E-08

.7894E-06

.0671E-05

.4303E-05

.2034E-05

.9744E-07

.4538E-08

THETA

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.0296

.0304

.0312

.0320

.0329

.0339

.0350

.0375

.0408

.0457

.1150

.1350

.1431

.1382

.0758

.0486

TEMP

291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
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project. lis
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Total

15.00
20.00
25.00
26.00
27.00
28.00
28.40
28.80
29.00
29.20
29.40
29.50
29.60
29.70
29.80
29.90
30.00
30.10
30.20
30.30
30.40
30.50
30.60
30.80
31.00
31.20
31.60
32.00
33.00
34.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00
95.00
100.00
105.00
110.00
115.00
120.00

initial

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

1.4900E+05
4.8980E+04
3.4808E+03
2.9533E+03
2.5643E+03
2.2670E+03
2.1672E+03
2.0761E+03
2.0334E+03
1.9926E+03
1.9534E+03
1.9344E+03
1.91S8E+03
1.8976E+03
1.8798E+03
1.8623E+03
1.8451E+03
1.8282E+03
1.8117E+03
1.7955E+03
1.7796E+03
1.7640E+03
1.7487E+03
1.7189E+03
1.6901E+03
1.6624E+03
1.6097E+03
1.5605E+03
1.4504E+03
1.3559E+03
1.2739E+03
9.8334E+02
8.0826E+02
6.9572E+02
6.2011E+02
5.6550E+02
5.2420E+02
4.9199E+02
4.6635E+02
4.4569E+02
4.2895E+02
4.1540E+02
4.0453E+02
3.9600E+02
3.8955E+02
3.8502E+02
3.8232E+02
3.8142E+02

Storage = 21.3468

5.0474E-12
9.3616E-11
9.6269E-08
1.4801E-07
2.1416E-07
2.9556E-07
3.3247E-07
3.7196E-07
3.9267E-07
4.1404E-07
4.3607E-07
4.4733E-07
4.5876E-07
4.7035E-07
4.8211E-07
4.9403E-07
5.0613E-07
5.1839E-07
5.3081E-07
5.4340E-07
5.5617E-07
5.6910E-07
5.8220E-07
6.0891E-07
6.3630E-07
6.6436E-07
7.2254E-07
7.8347E-07
9.4795E-07
1.1298E-06
1.3290E-06
2.6034E-06
4.3246E-06
6.3670E-06
8.5596E-06
1.0843E-05
1.3164E-05
1.5477E-05
1.7738E-05
1.9905E-05
2.1936E-05
2.3796E-05
2.5447E-05
2.6857E-05
2.7995E-05
2.8834E-05
2.9351E-05
2.9526E-05

cm

-8.6395E-08
-3.4706E-07
-9.4133E-06
-1.1547E-05
-1.3760E-05
-1.6031E-05
-1.6952E-05
-1.7878E-05
-1.8343E-05
-1.8810E-05
-1.9277E-05
-1.9512E-05
-1.9746E-05
-1.9981E-05
-2.0216E-05
-2.0451E-05
-2.0687E-05
-2.0923E-05
-2.1159E-05
-2.1395E-05
-2.1632E-05
-2.1868E-05
-2.2105E-05
-2.2580E-05
-2.3055E-05
-2.3531E-05
-2.4484E-05
-2.5441E-05
-2.7840E-05
-3.0247E-05
-3.2658E-05
-4.4840E-05
-5.6916E-05
-6.8222E-05
-7.8334E-05
-8.7454E-05
-9.5705E-05
-1.0316E-04
-1.0988E-04
-1.1589E-04
-1.2120E-04
-1.2583E-04
-1.2977E-04
-1.3303E-04
-1.3559E-04
-1.3744E-04
-1.3856E-04
-1.3894E-04

0.0515
0.0680
0.1316
0.1371
0.1420
0.1464
0.1481
0.1496
0.1504
0.1512
0.1519
0.1523
0.1527
0.1530
0.1534
0.1537
0.1541
0.1544
0.1548
0.1551
0.1555
0.1558
0.1561
0.1568
0.1575
0.1581
0.1594
0.1606
0.1635
0.1663
0.1689
0.1799
0.1888
0.1958
0.2013
0.2058
0.2096
0.2128
0.2155
0.2179
0.2199
0.2215
0.2229
0.2240
0.2249
0.2255
0.2259
0.2260

291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0
291.0

IPLANT = 1

LEAF= 1, NFROOT= 1, NUPTAK= 1, NFPET= 1, NSOW=285, NHRVST=195

Total number of Growth Day - Leaf Area index (LAI) data pai rs =
Growth Day LAI

BARE =
DAY

1
7
13
19
25
31
37
43
49
55
61
67
73
79
85
91

0.500
LAI

0.952
1.022
1.093
1.164
1.234
1.305
1.376
1.446
1.517
1.588
1.658
1.729
1.800
1.870
1.941
2.000

0
90
151
195
285
365

DAY

2
8
14
20
26
32
38
44
50
56
62
68
74
80
86
92

0.
2.
2.
0.
0.
0.

LAI

0.964
1.034
1.105
1.176
1.246
1.317
1.388
1.458
1.529
1.600
1.670
1.741
1.812
1.882
1.953
2.000

,940
,000
,000
,000
.000
,940

DAY

3
9
15
21
27
33
39
45
51
57
63
69
75
81
87
93

LAI

0.975
1.046
1.117
1.187
1.258
1.329
1.399
1.470
1.541
1.611
1.682
1.753
1.823
1.894
1.965
2.000

DAY

4
10
16
22
28
34
40
46
52
58
64
70
76
82
88
94

LAI

0.987
1.058
1.128
1.199
1.270
1.340
1.411
1.482
1.552
1.623
1.694
1.764
1.835
1.906
1.976
2.000

DAY

5
11
17
23
29
35
41
47
53
59
65
71
77
83
89
95

LAI

0.999
1.070
1.140
1.211
1.282
1.352
1.423
1.494
1.564
1.635
1.706
1.776
1.847
1.918
1.988
2.000

DAY

6
12
18
24
30
36
42
48
54
60
66
72
78
84
90
96

LAI

1.011
1.081
1.152
1.223
1.293
1.364
1.435
1.505
1.576
1.647
1.717
1.788
1.859
1.929
2.000
2.000
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97
103
109
115
121
127
133
139
145
151
157
163
169
175
181
187
193
199
205
211
217
223
229
235
241
247
253
259
265
271
277
283
289
295
301
307
313
319
325
331
337
343
349
355
361

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
1.727
1.455
1.182
0.909
0.636
0.364
0.091
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.047
0.117
0.188
0.259
0.329
0.400
0.470
0.540
0.611
0.682
0.752
0.822
0.893

NFROOT = 1:

AA
Bl
B2

98
104
110
116
122
128
134
140
146
152
158
164
170
176
182
188
194
200
206
212
218
224
230
236
242
248
254
260
266
272
278
284
290
296
302
308
314

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
1.955
1.682
1.409
1.136
0.864
0.591
0.318
0.045
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.059
0.129
0.200
0.270
0.341

320 0.411
326
332
338
344
350
356
362

0.482
0.552
0.623
0.693
0.764
0.834
0.905

99
105
111
117
123
129
135
141
147
153
159
165
171
177
183
189
195
201
207
213
219
225
231
237
243
249
255
261
267
273
279
285
291
297
303
309
315
321
327
333
339
345
351
357
363

2
2
2
2
2
2
2
2
2
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Negative exponential
(intersection
(coef f i ci ent
(coefficient

of the
defining

curve at
degree

that determines

.000 100 2.000

.000 106 2.000

. 000 112 2 . 000

. 000 118 2 . 000

.000 124 2.000

. 000 130 2 . 000

.000 136 2.000

.000 142 2.000

.000 148 2.000

.909 154 1.864

.636 160 1.591

.364 166 1.318

.091 172 1.045

.818 178 0.773

.545 184 0.500

.273 190 0.227

.000 196 0.000

.000 202 0.000

.000 208 0.000

.000 214 0.000

.000 220 0.000

.000 226 0.000

.000 232 0.000

.000 238 0.000

.000 244 0.000

.000 250 0.000

.000 256 0.000

.000 262 0.000

.000 268 0.000

.000 274 0.000

.000 280 0.000

.000 286 0.012

.071 292 0.082

.141 298 0.153

.212 304 0.223

.282 310 0.294

.352 316 0.364

.423 322 0.435

.493 328 0.505

.564 334 0.576

.635 340 0.646

.705 346 0.717

.775 352 0.787

.846 358 0.858

.916 364 0.928

representation of
z=0 with abscissa)
of curvature)

101
107
113
119
125
131
137
143
149
155
161
167
173
179
185
191
197
203
209
215
221
227
233
239
245
251
257
263
269
275
281
287
293
299
305
311
317
323
329
335
341
347
353
359
365

root
Si

=s

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
1.818
1.545
1.273
1.000
0.727
0.455
0.182
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.023
0.094
0.164
0.235
0.306
0.376
0.447
0.517
0.587
0.658
0.729
0.799
0.869
0.940

growth

0.
the value of asymptote =

102
108
114
120
126
132
138
144
150
156
162
168
174
180
186
192
198
204
210
216
222
228
234
240
246
252
258
264
270
276
282
288
294
300
306
312
318
324
330
336
342
348
354
360

1.160
13000
0.020

2.
2.
2.
2.
2.
2.
2.
2.
2.
1.
1.
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

000
000
000
000
000
000
000
000
000
773
500
227
955
682
409
136
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
035
106
176
247
317
388
458
529
599
670
740
811
881

Root depth, density, and weight/node versus depth
DAY

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MAX
ROOT DEPTH

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.80
1.00
1.20
1.60
2.00
3.00
4.00
5.00
10.00
15.00
20.00
25.00
26.00
27.00
28.00
28.40
28.80
29.00
29.20
29.40
29.50
29.60
29.70

ROOT
DENSITY
(cm/cm)
0.000
1.165
1.150
1.136
1.121
1.107
1.093
1.065
1.039
1.012
0.962
0.914
0.805
0.710
0.626
0.336
0.185
0.106
0.065
0.059
0.055
0.050
0.049
0.047
0.047
0.046
0.045
0.045
0.045
0.044

NORMALIZED
DENSITY
(I/cm)
0.0000
0.1184
0.1169
0.1154
0 . 1140
0.1125
0.1111
0.1083
0.1056
0.1029
0.0978
0.0930
0.0819
0.0721
0.0636
0.0342
0.0188
0.0108
0.0066
0.0060
0.0056
0.0051
0.0050
0.0048
0.0048
0.0047
0.0046
0.0046
0.0045
0.0045
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MXROOT (deepest node to which roots penetrate) = 49
NUPTAK = 1: Feddes et al. 1975 moisture dependent sink term

29.80
29.90
30.00
30.10
30.20
30.30
30.40
30.50
30.60
30.80
31.00
31.20
31.60
32.00
33.00
34.00
35.00
40.00
45.00

0.044
0.044
0.043
0.043
0.043
0.043
0.042
0.042
0.042
0.041
0.041
0.040
0.039
0.038
0.036
0.034
0.032
0.026
0.023

0.0045
0.0045
0.0044
0.0044
0 . 0044
0.0043
0.0043
0.0043
0.0042
0.0042
0.0041
0.0041
0.0040
0.0039
0.0036
0.0035
0.0033
0.0027
0.0024

For Material NO. 1

THETAW (wilting point moisture content)
THETAD (lower limit of optimum moisture content)
THETAN (upper limit of optimum moisture content)

For Material NO. 2

THETAW (wilting point moisture content)
THETAD (lower limit of optimum moisture content)
THETAN (upper limit of optimum moisture content)

0.0907
0.1324
0.3825

0.0907
0.1324
0.3825

NFHOUR = 2: user subroutine for hourly PET distribution

0.0100 0.0100 0.0100 0.0100 0.0100
0.0699 0.0911 0.1061 0.1139 0.1139
0.0440 0.0150 0.0100 0.0100 0.0100

ET_OPT = 1 and IHEAT = 0:
PET calculated from meteorological data
using subroutine CALPEN

ALBEDO = 2.000E-01
ALT = 1.650E+02 (m)

zu = 8.000E+00 (m)
PMB = 1.010E+03 (mb)

0.0100
0.1061
0.0100

0.0150
0.0911
0.0100

0.0440
0.0699
0.0100

ET_OPT = 1: Meteorological Data

IDAY

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Temperature
wax Mi n Dew
F F F

65.
63.
56.
55.
61.
61.
53.
58.
65.
56.
59.
59.
58.
60.
59.
57.
61.
64.
60.
58.
55.
58.
58.
63.
55.
60.
59.
71.
76.

41.
35.
47.
47.
40.
39.
48.
S3.
54.
53.
52.
SO.
53.
53.
38.
36.
35.
40.
39.
40.
42.
43.
51.
51.
50.
47.
43.
41.
47.

31.1
29.6
45.6
49.8
29.8
43.9
27.8
34.4
41.6
39.2
39.3
38.2
38.7
38.1
44.7
41.0
38.8
30.5
31.4
37.0
43.6
42.2
48.2
40.6
29.6
33.4
47.5
47.9
47.3

Solar
Rad
ly/d
232.
258.
97.
40.
285.
248.
62.
57.
148.
40.
69.
102.
41.
95.
260.
278.
297.
292.
215.
227.
182.
176.
64.
139.
53.

299.
144.
319.
329.

Wind Cloud
speed cover
mph tenth
2.0
2.0
3.0
4.0
6.0
2.0
3.0
2.0
2.0
2.0
3.0
2.0
2.0
2.0
5.0
3.0
2.0
1.0
3.0
4.0
3.0
2.0
3.0
3.0
3.0
3.0
2.0
2.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Prec.
i n

0.00
0.00
0.35
3.03
0.04
0.00
0.67
1.06
0.04
2.92
0.24
0.47
0.00
0.16
0.04
0.04
0.00
0.00
0.01
0.11
0.02
0.04
0.63
0.91
0.79
0.00
0.00
0.00
0.00
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30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.

78.
81.
87.
89.
89.
88.
83.
76.
63.
59.
65.
67.
60.
64.
57.
59.
69.
73.
75.
76.
89.
88.
62.
66.
68.
72.
63.
68.
64.
62.
59.
59.
60.
66.
61.
70.
72.
74.
75.
63.
62.
65.
71.
79.
79.
76.
71.
73.
69.
62.
57.
63.
57.
63.
65.
71.
73.
72.
74.
76.
79.
75.
75.
83.
81.
74.
67.
64.
71.
72.
76.
79.
81.
73.
67.
65.
49.
60.
57.
64.
60.
68.
81.
86.
87.
78.
75.
69.

48.
50.
47.
47.
50.
50.
49.
45.
51.
47.
43.
41.
52.
45.
44.
54.
47.
45.
45.
50.
45.
54.
48.
48.
47.
55.
47.
46.
53.
47.
49.
51.
54.
48.
56.
48.
45.
49.
49.
51.
50.
46.
47.
51.
50.
49.
57.
53.
52.
54.
42.
45.
39.
38.
34.
37.
41.
40.
43.
38.
43.
45.
46.
46.
49.
50.
48.
46.
47.
44.
38.
47.
50.
46.
41.
39.
43.
45.
43.
42.
41.
38.
40.
49.
51.
48.
52.
53.

32.5
33.6
41.2
40.2
39.3
36.0
38.1
46.3
53.1
49.9
48.1
47.1
51.7
49.3
48.3
52.7
52.4
44.3
47.0
40.3
31.4
42.9
41.3
53.3
53.8
57.9
41.8
41.0
43.3
38.1
39.8
44.3
47.1
40.8
49.8
40.8
37.1
38.0
37.4
36.2
42.7
37.8
38.8
43.1
43.2
43.8
46.2
45.1
44.5
55.3
42.8
38.3
41.2
38.2
35.6
39.4
42.0
42.8
44.3
43.6
44.0
50.9
51.9
51.7
55.3
54.0
49.2
48.9
50.7
46.5
39.2
46.8
51.0
50.1
45.5
43.5
43.1
45.2
44.6
45.7
45.7
43.0
47.0
48.8
52.9
54.4
55.8
54.3

352.
346.
353.
350.
367.
376.
369.
349.
221.
115.
301.
357.
152.
368.
74.
62.

376.
351.
395.
445.
455.
446.
98.

217.
231.
349.
112.
268.
191.
176.
133.
119.
94.

276.
60.

470.
452.
451.
401.
105.
189.
404.
480.
483.
477.
479.
349.
406.
185.
149.
237.
515.
228.
578.
582.
590.
581.
577.
542.
589.
589.
546.
554.
597.
588.
553.
327.
198.
422.
550.
629.
608.
549.
566.
509.
516.
134.
270.
206.
479.
225.
642.
669.
669.
667.
640.
561.
313.

2.0
2.0
2.0
2.0
2.0
2.0
2.0
3.0
3.0
2.0
2.0
3.0
3.0
3.0
3.0
4.0
2.0
2.0
2.0
4.0
2.0
3.0
2.0
2.0
2.0
4.0
2.0
2.0
3.0
2.0
2.0
2.0
3.0
2.0
5.0
3.0
2.0
2.0
2.0
3.0
4.0
3.0
2.0
2.0
2.0
3.0
3.0
3.0
2.0
3.0
5.0
3.0
5.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.55
0.67
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.20
0.32
0.24
2.21
0.00
0.00
0.00
0.00
0.71
2.17
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.39
0.00
0.87
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.55
0.04
0.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.

66.
73.
69.
77.
72.
74.
66.
64.
63.
63.
67.
74.
73.
69.
64.
65.
66.
69.
66.
72.
76.
80.
74.
70.
62.
61.
62.
66.
75.
74.
78.
87.
88.
85.
64.
65.
71.
79.
73.
76.
70.
70.
81.
90.
96.
91.
84.
76.
66.
59.
72.
82.
82.
79.
80.
86.
87.
89.
79.
84.
87.
88.
84.
87.
80.
84.
78.
78.
89.
84.
91.
93.
93.
94.
90.
87.
87.
90.
90.
89.
91.
93.
91.
90.
88.
86.
88.
89.

55.
51.
58.
57.
49.
48.
53.
51.
46.
51.
47.
44.
46.
54.
49.
48.
45.
48.
48.
45.
50.
51.
54.
53.
53.
55.
55.
48.
45.
53.
58.
57.
57.
54.
57.
57.
51.
48.
54.
51.
48.
50.
47.
50.
57.
56.
55.
59.
55.
48.
46.
51.
51.
51.
53.
56.
54.
56.
60.
60.
58.
56.
59.
56.
55.
54.
53.
58.
55.
57.
57.
59.
58.
60.
56.
52.
51.
55.
58.
63.
59.
58.
57.
53.
52.
55.
57.
56.

54.9
54.9
58.6
58.7
53.3
52.4
51.3
46.5
45.1
49.2
49.3
50.5
52.3
55.3
48.5
49.8
46.2
50.2
50.1
51.2
55.0
51.7
54.0
52.9
51.7
51.3
52.4
49.7
52.3
56.8
59.4
61.1
62.6
60.7
56.2
54.2
53.3
55.3
57.4
52.8
50.5
51.8
54.0
58.1
62.6
62.7
61.3
59.5
54.9
48.7
51.4
57.0
57.2
57.5
58.2
61.6
61.9
63.8
62.7
64.4
63.2
63.3
62.7
61.4
59.5
59.9
58.1
60.3
63.7
63.7
65.3
67.0
64.9
66.3
62.8
58.3
59.2
64.3
65.9
67.6
65.3
66.1
64.9
60.4
60.3
62.5
64.8
65.2

168.
514.
267.
456.
398.
509.
341.
345.
338.
208.
386.
639.
623.
338.
249.
397.
476.
415.
322.
539.
476.
569.
497.
372.
177.
128.
173.
261.
672.
501.
593.
675.
663.
644.
129.
140.
381.
687.
357.
680.
483.
574.
702.
706.
713.
713.
704.
610.
188.
180.
670.
722.
727.
703.
640.
702.
695.
673.
662.
462.
648.
620.
649.
690.
702.
713.
664.
435.
673.
666.
647.
614.
678.
605.
714.
731.
705.
682.
664.
327.
684.
686.
694.
708.
699.
679.
692.
682.

3.0
3.0
3.0
4.0
4.0
3.0
4.0
5.0
3.0
2.0
3.0
3.0
3.0
4.0
5.0
4.0
3.0
3.0
4.0
3.0
3.0
4.0
4.0
3.0
4.0
3.0
3.0
3.0
3.0
4.0
4.0
4.0
4.0
4.0
4.0
3.0
4.0
3.0
3.0
4.0
4.0
4.0
3.0
3.0
3.0
4.0
3.0
4.0
4.0
2.0
3.0
3.0
3.0
3.0
4.0
3.0
4.0
4.0
4.0
3.0
3.0
3.0
4.0
3.0
4.0
3.0
4.0
3.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
1.18
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Page 6



project."! is
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.

90.
97.

104.
100.
102.
91.
91.
93.
92.
94.
91.
93.
94.
95.
95.
93.
88.
97.
96.
95.
90.
88.
84.
86.
89.
90.
88.
90.
92.
92.
95.
94.
93.
96.
99.

101.
101.
100.
99.

101.
97.
97.
99.
94.
92.
88.
86.
86.
90.
96.
97.
99.
96.
82.
83.
87.
89.
88.
87.
87.
84.
86.
84.
82.
79.
70.
78.
90.
90.
99.
89.
87.
90.
81.
79.
78.
81.
87.
77.
79.
84.
85.
77.
75.
80.
76.
80.
82.

57.
58.
60.
62.
65.
65.
62.
63.
61.
61.
61.
58.
56.
60.
61.
62.
58.
58.
58.
58.
54.
57.
57.
55.
56.
57.
62.
65.
63.
59.
56.
54.
53.
57.
60.
60.
63.
64.
61.
68.
64.
60.
59.
62.
62.
57.
55.
53.
58.
58.
58.
58.
60.
59.
56.
56.
57.
58.
55.
55.
57.
57.
57.
59.
60.
60.
55.
54.
55.
59.
60.
54.
53.
51.
55.
59.
54.
52.
56.
55.
51.
53.
53.
52.
50.
55.
55.
54.

65.8
68.5
70.5
70.7
74.3
71.1
70.1
69.7
68.9
69.6
68.3
66.8
66.3
69.2
69.7
69.6
65.0
66.9
67.5
65.1
62.1
64.2
59.8
56.1
57.5
59.2
61.5
62.0
60.9
59.6
58.4
55.4
53.7
53.3
54.1
58.1
61.9
63.4
62.2
64.9
62.1
60.0
57.8
60.8
60.1
57.5
54.9
54.1
36.6
57.3
60.5
61.1
63.1
60.5
55.0
56.8
58.8
57.8
56.3
56.8
57.5
57.0
57.3
61.0
55.3
53.7
52.5
51.8
52.7
52.1
40.0
54.2
49.4
52.1
53.4
55.3
54.0
53.7
54.8
53.6
53.5
55.2
52.4
51.7
52.0
54.9
54.5
53.5

674.
654.
677.
664.
654.
655.
628.
624.
637.
635.
643.
652.
650.
601.
631.
603.
629.
622.
636.
644.
653.
650.
613.
629.
637.
625.
520.
584.
597.
616.
616.
621.
638.
609.
610.
609.
611.
567.
379.
543.
564.
589.
572.
488.
554.
569.
554.
554.
480.
544.
532.
525.
511.
444.
489.
512.
500.
490.
503.
484.
486.
492.
476.
472.
468.
145.
444.
494.
501.
498.
486.
457.
458.
410.
429.
436.
386.
419.
313.
332.
337.
399.
345.
378.
400.
232.
319.
386.

3.0
3.0
3.0
3.0
4.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0
3.0
4.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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project. ~lis
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324.
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.
340.
341.
342.
343.
344.
345.
346.
347.
348.
349.
350.
351.
352.
353.
354.
355.
356.
357.
358.
359.
360.
361.
362.
363.
364.
365.

70
76
82
80
80
81
86
75
75
74
64
66
71
75
76
82
70
78
77
72
73
83
75
82
71
69
69
77
82
79
80
71
76
86
88
82
67
75
74
84
81
76
68
68
72
78
75
65
73
77
76
68
61
64
68
70
64
66
65
63
58
64
59
52
60
65
71
72
64
66
68
65

m

m

<

.
p
m

m

t

.
p

m

m
m

m
m

f

m

m

,

m

m

m

.
f

.

m

m
m

t

m

.

,

m

m

m
t

.
m

f

m

m

t

m

m

,

m

t

m

t

.

t

.

54.
50.
43.
44.
46.
47.
49.
49.
55.
55.
54.
54.
50.
48.
51.
47.
51.
50.
53.
46.
50.
50.
50.
49.
49.
49.
48.
48.
49.
47.
48.
46.
49.
53.
55.
49.
43.
42.
47.
47.
50.
47.
46.
44.
46.
46.
47.
48.
48.
46.
44.
45.
50.
46.
44.
45.
39.
35.
33.
41.
40.
40.
40.
42.
40.
42.
34.
39.
39.
41.
43.
44.

52.
49.
39.
40.
44.
46.
50.
49.
54.
52.
51.
50.
48.
48.
49.
44.
49.
48.
41.
46.
49.
49.
41.
49.
49.
49.
51.
51.
52.
50.
51.
49.
SO.
51.
54.
50.
47.
41.
24.
46.
51.
49.
48.
48.
49.
49.
50.
50.
50.
48.
46.
46.
49.
50.
45.
45.
40.
35.
35.
41.
37.
40.
32.
39.
34.
33.
33.
37.
39.
40.
45.
48.

0 185.
2 358.
9 417.
6 400.
7 399.
9 367.
5 349.
4 188.
0 226.
8 268.
6 56.
5 152.
7 317.
7 315.
5 300.
4 355.
1 256.
2 324.
9 327.
8 299.
3 263.
7 328.
1 321.
1 302.
4 197.
2 176.
2 93.
1 274.
3 292.
6 294.
1 284.
2 197.
2 276.
1 298.
3 264.
8 248.
5 207.
9 288.
8 275.
0 296.
6 280.
0 261.
4 192.
5 201.
8 229.
9 218.
6 191.
6 106.
3 221.
2 257.
8 258.
8 163.
3 65.
8 105.
6 283.
7 242.
2 215.
6 282.
5 272.
3 240.
8 219.
6 273.
7 253.
1 122.
6 169.
8 179.
9 296.
8 274.
2 252.
7 165.
4 224.
6 227.

3
2
2
2
2
3
2
2
4
3
3
3
2
2
3
3
2
2
3
3
2
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
2
2
3
2
3
2
2
2
2
3
3
2
4
3
3
2
2
2
2
2
2

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.16
0.08
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.31
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

NFPET = 1:
PET IS
to the

partitioned
relationship

into PT and
developed

(1972)

DAY

1
3
5
7
9
11
13
15
17

0
0
0
0
0
0
0
0
0

PET

.1571

.0000

.2884

.0510

.0906

.0357

.0000

.1084

.1453

PTRANS PEVAPO

0.
0.
0.
0.
0.
0.
0.
0.
0.

0371 0.
0000 0.
0706 0.
0127 0.
0229 0.
0092 0.
0000 0.
0287 0.
0390 0.

1200
0000
2178
0383
0677
0266
0000
0797
1063

PE
by

according
Ritchie

DAY

2
4
6
8
10
12
14
16
18

0
0
0
0
0
0
0
0
0

PET PTRANS

.1588 0.0379

.0000 0.0000

.0981 0.0242

.0196 0.0049

.0000 0.0000

.0388 0.0100

.0430 0.0113

.1170 0.0312

.1732 0.0469

PEVAPO

0.1209
0.0000
0.0739
0.0146
0.0000
0.0287
0.0317
0.0858
0.1263
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project.
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
85
87
89
91
93
95
97
99
101
103
105
107
109
111
113
115
117
119
121
123
125
127
129
131
133
135
137
139
141
143
145
147
149
151
153
155
157
159
161
163
165
167
169
171
173
175
177
179
181
183
185
187
189
191
193

0.1466
0.0472
0.0000
0.0470
0.0059
0.2382
0.3193
0.3257
0.3638
0.2736
0.0000
0.2093
0.2079
0.0000
0.2494
0.4403
0.4716
0.0747
0.2410
0.1780
0.0984
0.0296
0.1854
0.3893
0.3760
0.0876
0.3143
0.4184
0.4190
0.3536
0.0185
0.3861
0.4134
0.4403
0.4355
0.4529
0.4098
0.5064
0.4207
0.0794
0.4161
0.5243
0.4413
0.3354
0.1387
0.3040
0.4491
0.6241
0.5080
0.1974
0.3801
0.3798
0.3805
0.2741
0.0912
0.4786
0.2284
0.2614
0.2853
0.3827
0.5163
0.2640
0.0318
0.1443
0.3864
0.6420
0.5760
0.0483
0.5506
0.5791
0.4417
0.6422
0.6902
0.5228
0.0449
0.6142
0.5714
0.6303
0.6259
0.3939
0.5542
0.6273
0.6229
0.3464
0.5737
0.5797
0.5892
0.6575

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.0400

.0131

.0000

.0134

.0017

.0694

.0941

.0972

.1099

.0836

.0000

.0654

.0657

.0000

.0805

.1436

.1554

.0249

.0810

.0604

.0337

.0102

.0647

.1371

.1336

.0314

.1136

.1525

.1540

.1311

.0069

.1454

.1570

.1685

.1679

.1760

.1598

.1975

.1640

.0310

.1623

.2045

.1721

.1308

.0541

.1186

.1751

.2434

.1981

.0770

.1482

.1481

.1484

.1069

.0356

.1866

.0891

.1019

.1112

.1493

.2013

.1030

.0124

.0563

.1507

.2504

.2246

.0183

.2021

.2056

.1514

.2120

.2189

.1588

.0130

.1692

.1489

.1544

.1431

.0833

.1072

.1093

.0956

.0454

.0608

.0451

.0261

.0000

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.1067

.0342

.0000

.0337

.0042

.1688

.2251

.2285

.2540

.1900

.0000

.1439

.1422

.0000

.1689

.2967

.3162

.0499

.1600

.1176

.0647

.0194

.1207

.2522

.2424

.0562

.2007

.2659

.2650

.2225

.0116

.2407

.2565

.2718

.2676
,2769
.2500
.3089
.2566
.0484
.2538
.3198
.2692
.2046
.0846
.1855
.2739
.3807
.3099
.1204
.2319
.2317
.2321
.1672
.0556
.2919
.1393
.1595
.1740
.2335
.3150
.1611
.0194
.0880
.2357
.3916
.3514
.0300
.3486
.3735
.2903
.4302
.4713
.3640
.0319
.4450
.4225
.4759
.4827
.3106
.4470
.5180
.5273
.3010
.5128
.5346
.5632
.6575

20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96
98
100
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
180
182
184
186
188
190
192
194

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.1417

.0563

.0965

.2319

.1811

.3118

.3197

.3529

.3348

.0861

.1482

.0306

.0000

.2216

.2839

.4315

.0260

.0875

.0352

.1374

.0548

.0235

.0179

.3557

.3377

.1392

.3783

.4085

.3071

.1175

.1222

.1128

.4012

.4547

.4276

.4979

.4164

.4825

.2075

.2935

.5078

.4791

.3409

.0000

.0627

.0820

.5455

.6210

.4350

.0625

.1523

.2848

.2400

.2125

.2503

.4594

.1637

.3275

.2034

.3587

.4136

.0751

.0662

.5083

.5156

.6262

.0266

.2767

.2417

.3606

.5799

.7126

.6122

.0896

.4987

.6175

.5458

.6304

.5754

.5891

.5958

.6081

.5526

.6185

.5953

.6501

.6631

.6201

lis
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.0389

.0157

.0272

.0663

.0524

.0914

.0948

.1060

.1017

.0264

.0461

.0096

.0000

.0711

.0921

.1414

.0086

.0293

.0119

.0468

.0188

.0082

.0063

.1258

.1205

.0501

.1373

.1496

.1134

.0437

.0458

.0427

.1529

.1747

.1655

.1942

.1624

.1882

.0809

.1145

.1980

.1868

.1329

.0000

.0244

.0320

.2127

.2422

.1696

.0244

.0594

.1111

.0936

.0829

.0976

.1792

.0638

.1277

.0793

.1399

.1613

.0293

.0258

.1982

.2011

.2442

.0102

.1032

.0872

.1258

.1951

.2307

.1901

.0266

.1410

.1655

.1380

.1494

.1267

.1194

.1096

.0997

.0787

.0735

.0550

.0402

.0161

.0000

0.1028
0.0406
0.0693
0.1657
0.1287
0.2204
0.2249
0.2470
0.2331
0.0596
0.1022
0.0210
0.0000
0.1505
0.1918
0.2901
0.0174
0.0582
0.0233
0.0906
0.0359
0.0153
0.0116
0.2299
0.2172
0.0891
0.2410
0.2590
0.1938
0.0738
0.0763
0.0702
0.2483
0.2801
0.2621
0.3037
0.2540
0.2944
0.1266
0.1791
0.3098
0.2923
0.2079
0 . 0000
0.0382
0.0500
0.3327
0.3788
0.2653
0.0381
0.0929
0.1737
0.1464
0.1296
0.1527
0.2803
0.0999
0.1998
0.1241
0.2188
0.2523
0.0458
0 . 0404
0.3101
0.3146
0.3820
0.0164
0.1736
0.1544
0.2348
0.3848
0.4820
0.4221
0.0630
0.3577
0.4519
0.4078
0.4810
0.4486
0.4697
0.4862
0.5083
0.4738
0.5450
0.5403
0 . 6099
0.6470
0.6201
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195
197
199
201
203
205
207
209
211
213
215
217
219
221
223
225
227
229
231
233
235
237
239
241
243
245
247
249
251
253
255
257
259
261
263
265
267
269
271
273
275
277
279
281
283
285
287
289
291
293
295
297
299
301
303
305
307
309
311
313
315
317
319
321
323
325
327
329
331
333
335
337
339
341
343
345
347
349
351
353
355
357
359
361
363
365

0.6145
0.2893
0.6502
0.6510
0.5948
0.6080
0.6313
0.6780
0.6356
0 . 6000
0.6045
0.6117
0.5730
0.5722
0.6095
0.6290
0.5842
0.5871
0.6046
0.5992
0.6188
0.6258
0.6506
0.6767
0.6289
0.6260
0.6258
0.5140
0.5467
0.4884
0.5751
0.5557
0.4029
0.4835
0.4743
0.4509
0.4632
0.4078
0.0921
0.4957
0.5674
0.4332
0.3520
0.3854
0.3890
0.2824
0.3568
0.2791
0.1681
0.3433
0.2681
0.3279
0.3199
0.1097
0.2039
0.0750
0.2200
0.3251
0.2500
0.2138
0.2945
0.2383
0.0792
0.1812
0.2053
0.0933
0.2576
0.1826
0.2017
0.2438
0.1716
0.0816
0.1337
0 . 0000
0.1717
0.0629
0.0000
0.1587
0.1656
0.1197
0.1649
0.0329
0.1356
0.1845
0.0735
0.0905

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0040
0.0087
0 . 0118
0.0051
0 . 0114
0.0049
0.0160
0.0263
0.0221
0.0205
0.0303
0.0261
0.0092
0.0222
0.0265
0.0126
0.0363
0.0268
0.0307
0.0385
0.0280
0.0138
0.0232
0.0000
0.0316
0.0119
0.0000
0.0315
0.0336
0.0249
0.0350
0.0071
0.0300
0.0416
0.0169
0.0212

0.6145
0.2893
0.6502
0.6510
0.5948
0.6080
0.6313
0.6780
0.6356
0 . 6000
0.6045
0.6117
0.5730
0.5722
0.6095
0.6290
0.5842
0.5871
0.6046
0.5992
0.6188
0.6258
0.6506
0.6767
0.6289
0.6260
0.6258
0.5140
0.5467
0.4884
0.5751
0.5557
0.4029
0.4835
0.4743
0.4509
0.4632
0.4078
0.0921
0.4957
0.5674
0.4332
0.3520
0.3854
0.3890
0.2824
0.3568
0.2791
0.1681
0.3433
0.2640
0.3193
0.3081
0.1046
0.1925
0.0702
0.2039
0.2988
0.2279
0.1933
0.2642
0.2122
0.0700
0.1590
0.1788
0.0807
0.2213
0.1558
0.1710
0.2053
0.1436
0.0679
0.1105
0.0000
0 . 1401
0.0510
0.0000
0.1272
0.1319
0.0948
0.1299
0.0258
0.1056
0.1428
0.0566
0.0693

196
198
200
202
204
206
208
210
212
214
216
218
220
222
224
226
228
230
232
234
236
238
240
242
244
246
248
250
252
254
256
258
260
262
264
266
268
270
272
274
276
278
280
282
284
286
288
290
292
294
296
298
300
302
304
306
308
310
312
314
316
318
320
322
324
326
328
330
332
334
336
338
340
342
344
346
348
350
352
354
356
358
360
362
364

project.
0.6078
0.6463
0.6442
0.6216
0.6206
0.6109
0.7070
0.7001
0.5789
0.5967
0.5996
0.6059
0.6071
0.5654
0.6126
0.5942
0.5695
0.6127
0.5072
0.6178
0.6247
0.6382
0.6806
0.6810
0.3859
0.6141
0.6234
0.5724
0.5221
0.5427
0.5542
0.5257
0.4482
0.4786
0.4718
0.4430
0.4346
0.4268
0.3864
0.5039
0.5463
0.4311
0.3730
0.3353
0.2528
0.2927
0.2808
0.3328
0.2703
0.1117
0.3487
0.3217
0.2920
0.1824
0.0000
0.2135
0.2420
0.1591
0 . 3140
0.1720
0.2607
0.1033
0.0000
0.2162
0.2022
0.1872
0.2290
0.0844
0.2436
0.2083
0.0822
0.1210
0.0996
0.1232
0.1881
0.0000
0.1633
0.1021
0.1484
0.1150
0.1479
0.1013
0.1956
0.1349
0.1125

lis
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0 . 0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0.0000
0.0000
0 . 0000
0.0000
0 . 0000
0.0010
0.0073
0.0102
0.0122
0.0094
0 . 0000
0.0147
0.0186
0.0135
0.0289
0.0171
0.0277
0.0117
0 . 0000
0.0272
0.0267
0.0258
0.0329
0.0126
0.0378
0.0335
0.0136
0.0207
0.0176
0.0224
0.0351
0.0000
0.0320
0.0205
0.0305
0.0242
0.0318
0.0222
0.0437
0.0307
0.0261

0.6078
0.6463
0.6442
0.6216
0.6206
0 . 6109
0.7070
0.7001
0.5789
0.5967
0.5996
0.6059
0.6071
0.5654
0.6126
0.5942
0.5695
0.6127
0.5072
0.6178
0.6247
0.6382
0.6806
0.6810
0.3859
0.6141
0.6234
0.5724
0.5221
0.5427
0.5542
0.5257
0.4482
0.4786
0.4718
0.4430
0.4346
0.4268
0.3864
0.5039
0.5463
0.4311
0.3730
0.3353
0.2528
0.2927
0.2808
0.3328
0.2703
0.1107
0.3414
0 . 3114
0.2797
0.1730
0 . 0000
0.1988
0.2234
0.1456
0.2850
0.1549
0.2330
0.0916
0.0000
0.1890
0.1755
0.1613
0.1961
0.0718
0.2058
0.1749
0.0686
0.1003
0.0820
0.1009
0.1530
0.0000
0.1313
0.0816
0.1179
0.0908
0.1162
0.0791
0.1519
0.1041
0.0864

Totals: PET = 130.3472
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PTRANS = 20.1025
PEVAPO = 104.1221

project.!is

I RAIN = 1

Day Ti me
Chr)

3
4

5

7

8

9

10

11

12

14

15

16

19

20

21

22

23

24

25

44

45

55

61
62

63

64

69

70

79

80

82

106

0.000
1.000
0.000
7.000
8.000
0.000
1.000
0.000
1.000
2.000
0.000
2.000
3.000
0.000
1.000
0.000
7.000
8.000
0.000
1.000
0.000
1.000
2.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
2.000
0.000
2.000
3.000
0.000
2.000
3.000
0.000
1.000
2.000
0.000
1.000
2.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
1.000
0.000
5.000
6.000
0.000
1.000
2.000
0.000
5.000
6.000
0.000
1.000
0.000
1.000
0.000
2.000
3.000
0.000
1.000

Rai nf al 1 /I r ri gati on
Amount Application
(cm) Type
0.8890
0.0000
7 . 0000
0.6962
0.0000
0.1016
0.0000
1.0000
0.7018
0.0000
2 . 0000
0.6924
0 . 0000
0.1016
0.0000
7.0000
0.4168
0.0000
0.6096
0.0000
1.0000
0.1938
0.0000
0.4064
0.0000
0.1016
0.0000
0.1016
0.0000
0.0254
0.0000
0.2794
0.0000
0.0508
0.0000
0.1016
0.0000
1.0000
0.6002
0.0000
2 . 0000
0.3114
0 . 0000
2 . 0000
0.0066
0.0000
1.0000
0.3970
0.0000
1.0000
0.7018
0.0000
0.2032
0.0000
0.5080
0.0000
0.8128
0.0000
0.6096
0.0000
5.0000
0.6134
0.0000
1.0000
0.8034
0.0000
5 . 0000
0.5118
0.0000
0.0508
0.0000
0.9906
0 . 0000
2.0000
0.2098
0.0000
1.0000
0.3970

1
1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

1

1

1

1

1

1

1
1

1

1

1

1
1

1

1

Detai 1 s
Efficiency

1.000
1.000

1.000
1.000

1.000

1.000
1.000

1.000
1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

changes in
Rate/Head

2

3

2

3

3

2

3

2

3

2

2

2

2

2

2

2

3

3

3

3

3

2

2

2

2

3

3

3

2

2

3

3
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project.lis
2.000 0.0000

107 0.000 0.1016 1 1.000 2
1.000 0.0000

108 0.000 1.0000 1 1.000 3
1.000 0.0922
2.000 0.0000

132 0.000 0.0254 1 1.000 2
1.000 0.0000

144 0.000 0.2032 1 1.000 2
1.000 0.0000

166 0.000 0.2032 1 1.000 2
1.000 0.0000

167 0.000 2.0000 1 1.000 3
2.000 0.9972
3.000 0.0000

258 0.000 0.2032 1 1.000 2
1.000 0.0000

346 0.000 0.4064 1 1.000 2
1.000 0.0000

347 0.000 0.2032 1 1.000 2
1.000 0.0000

348 0.000 0.1016 1 1.000 2
1.000 0.0000

357 0.000 0.7874 1 1.000 2
1.000 0.0000

NWATER (number of days of rain/irrigation) = 43

Total water Applied = 58.5216 cm
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E. RCRA SUBTITLE D (CCR TITLE 2 7)
EQUIVALENT GCL COVER



E. RCRA SUBTITLE D (CCR TITLE 27) EQUIVALENT GCL COVER

E.1 Objective

To evaluate and compare hydraulic performance of an alternative GCL cover design for the RCRA
Subtitle D (CCR Title 27) cover. The Title 27 cover is proposed for the area outside the 'Dial' at the
WDI site. The evaluation of hydraulic performance and equivalence demonstration of alternative
covers are performed using the HELP Model, Version 3.07 (Schroeder et al, 1997).

E.2 Alternative Cover Design:

The prescriptive Subtitle D cover and the proposed GCL engineered soil cover alternative are
illustrated in Figure E-l.

The prescriptive Title 27 cover for the site consists of (from top to bottom): 1-foot thick vegetation /
top soil layer; filter layer; 1-foot thick low-permeability soil (barrier) layer with a hydraulic
conductivity of l.OE-06 cm/sec or lower; underlain by the foundation layer.

The Alternative GCL cover consists of (from top to bottom): 2-foot thick vegetative cover layer, 16-
oz cushion geotextile and GCL, underlain by a properly prepared foundation layer.

E.3 HELP Model Analyses

The infiltration analyses consisted of HELP model simulations of the prescriptive Title 27 cover and
the alternative GCL cover under the design simulation period. Two different simulation periods were
considered:

• A 5 - year sequence representing one of the wettest 5-year periods on record for the area
• A long-term 30 year simulation period

The water balance equation that forms the basis of the HELP Model analyses is:

AS = P-ET-R-Perc

Where
AS = change in moisture storage in soil
P = precipitation
ET = evapotranspiration consisting of evaporation and transpiration
R = runoff
Perc = Percolation through the bottom of the cover

The water balance equation states that the change in the amount of water stored in the soil cover is
equal to the total precipitation, minus the amount of water lost to surface runoff, evaporation,
transpiration, and percolation into the landfill. For the project site, precipitation consists of rainfall on
the cover surface. It was assumed that no supplementary irrigation is applied on the cover surface to
maintain/promote vegetation growth.
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Percolation is the quantity of downward flow through the bottom of the cover system being
simulated. This represents the quantity of flow into the landfill. Percolation is the parameter used to
compare the performance and demonstrate equivalence of alternative cover systems.

The Input parameters for the HELP Model may be grouped into the following categories:
• Cover geometry (slope, layer thickness, drainage length)
• Weather related parameters (rainfall, temperature and solar radiation)
• Material parameters (porosity, wilting point, field capacity, saturated hydraulic conductivity,

and initial moisture content)
• Vegetation characteristics (LAI, quality of vegetation, and rooting depth)

Each of the input categories is discussed below.

E.3.1 Cover Geometry

The cover layer system geometry for each of the two cover systems modeled is illustrated in Figure
E-2. Each cover systems is underlain by a foundation layer. Since the foundation layer, and the
cushion geotextile (for the Alternative GCL cover) do not have a percolation control function, they
were not included in the cover geometry simulated in the HELP Model analyses.

In order to calculate runoff, Title 27 cover area was assumed to have a minimum slope of 2% and a
maximum slope length of 335 feet. The Runoff Curve number was found to be in the range 80.1 to
85.6. The former (80.1) was obtained by modifying the curve number obtained from Figure 2 of the
User's Guide for HELP (pp 36) to a slope of 2% and a slope length of 335 feet. The latter (85.6) was
obtained by providing slope, slope length, soil texture and vegetation information (fair strand of
grass). Both values were used in a parametric study, and the more conservative value of 80.1 was
chosen for the simulations.

E.3.2 Weather Data

The weather and climate data used for the 5-year and 30-year design simulation periods is discussed
in detail in Section B of this Calculation Package. The data required for the HELP model includes
daily values of precipitation, temperature, solar radiation and evapotranspiration.

For the 5-year simulation, recorded data for the Pomona CIMIS weather station from 1991 through
1995 was used. For the 30-year, long-term simulation, stochastically generated (by the HELP Model
based on monthly averages for the site) weather data was used.

E.3.3 Material Parameters

Material properties required for the analyses include porosity, field capacity, wilting point and
saturated hydraulic conductivity (Ks). The selected input parameters for the various components of
the cover system are shown on Table E-l, and illustrated in Figure E-3. Results of laboratory testing
for infiltration analyses are discussed in Section A of this calculation package.

The vegetative layer for both cover systems was assumed to consist of on-site cover soils
recompacted to a relative compaction of 85% (ASTM D1557). The field capacity, wilting point and
porosity of the vegetative cover was obtained as an average value from the 5 moisture storage curves
developed for 85% RC remolded materials for the site (Table A-l). The Ks value for the vegetative
soil layer was taken as the average of the ASTM D5084 hydraulic conductivity results, i.e. 6.70E-05
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cm/sec (Table A-l). The Ks for the upper half of the vegetative soil layer was multiplied by 3 to
allow for root channels (Table E-l, Figure E-3), as recommended by the HELP manual.

Field capacity, porosity and wilting point for the Title 27 low-permeability layer was selected from
the moisture storage curve for sample TS-085 remolded to 90% RC (Table A-2). The Ks value for
this layer was assigned to be 1 .OE-06 cm/sec as per regulatory requirements.

Material parameters for the GCL were default values recommended by the HELP Manual. The Ks
for GCL was conservatively selected as l.OE-08 cm/sec.

E.3.4 Vegetation Parameters

The following vegetation related parameters were used in the analyses

• Evaporative zone depth - depth of vegetative layer
• Leaf Area Index - 2
• Growing season start day - 285
• Growing Season end day - 151
• Average wind speed - 3.03 (average of 5 year recorded data)

E.4 Results of Model Simulations

The results of the 5-year water balance analyses for the Title 27 and the alternative GCL covers,
consisting of annual and cumulative values of the various components of the water balance is shown
in Figure E-4. The cumulative percolation for the two cover systems, through the 5-year simulation
period are compared in Figure E-5. The results of the long-term, 30-year simulation period are
compared in Figure E-6. The results show that the cumulative percolation through the alternative
GCL cover is smaller than that through the Title 27 cover.

E.5 Conclusions and Recommendations

The results of the infiltration analyses show that the performance of the alternative GCL cover is
equivalent to or superior to the Title 27 cover.

If the GCL alternative is selected, appropriate specifications should be developed for the foundation
layer and the cover soil above the GCL, so as to remove oversize materials, construction debris,
angular rocks and any other materials that may damage or puncture the GCL.

E.6 References

Shroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L. (1994,
Updated 1997). "The Hydrologic Evaluation of Landfill Performance (HELP) Model: Engineering
Documentation for Version 3," EPA 600/9-94/xxx, U.S. Environmental Protection Agency Risk
reduction Engineering Laboratory, Cincinnati, OH.
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vv" Y* ~*v >y* 'y 1-FOOT MINIMUM THICKNESS.
VEGETArivE.EHOSION RESISTANT LAYER

MINIMUM t .FOOT THICK. LCW MYORAUUC
CONDUCTIVITY (.mo-1 CM/SEC ) son LATER

MINIMUM J FOOT THICK FOUNDATION LATER
OF SOIL. CONTAMINATED SOIL OR OTHER
WASTE MATERIAL WTTH APPROPRIATE
ENGINEERING PROPERTIES!*)

CCR? Title 27'"
Prescriptive Cap

- MINIMUM 4-FOOT THICK MONOUTHIC
COMPACTED VEGETATED LATER
SIOP£D TO DRAIN
(COMPACTED TO MIN. 90% RELATIVE
COMPACTION; ASSUMED DEGRADATION
TO «5* RELATIVE COMPACTION!

MINIMUM I-FOOT THICK. EXISTING SOIL
COVER/TOUNOATION LAYERS

2-FOOT MINIMUM THCXNESS.
VEGETATIVE EHCSlCN RESISTANT
LATER (6SX RELATIVE
COMPACTION)

CUSHIONGEOTEXTtE. 15OZ

GEOSYNTKETIC CLAY LAYER,
NEEDLE PUNCHED

MINIMUM 1-FOOT TKKX EXISTING
SOIL COVEFVFOUNOAICNLAYtRPI

Alternative 1 - Engineered Soil Covers
SLOPED TO DRAIN

2-JNCH THCK STRUCTURAL
ASPHALT PAVEMENT OVERLAY.I'I
(LOW A>R VClCS ASPHALT)

EXISTING STRUCTURAL
ASPHALT PAVEMENT LAYER

EXISTING AGGREGATE BASE
COU«£ LAYER

EXISTING SOL COVER/FOUNDATION LAYER

NEW ASPHALT
STRUCTURAL SECTION -^—— ——h» OVESUY

Alternative 2 - Engineered Asphalt Cover

SLOPED TO DRAIN
»'* .

E3STINO STRUCTURAL1*1

COfCRETE PAVEMENT

EX3TIW3 AGGREGATE BASE
COURSE LAYER

EXISTING SOIL COVERjFOUNOATION LAYER

WASTE

NEW CONCRETE
STRUCTURAL SECTON CRACK SEALING

Alternative 3 - Engineered Concrete Cover

Proposed WDI
CCR, Title 27
Equivalent Cap
Alternatives to be
Evaluated

NOT TO SCALE

NOTES:
III SUBTITLE 0. « CFR PART 25* REQUIRES A COVER WTTH THE FOLLOWING COMPONENTS

FROM TOP TO BOTTOM
• MINIMUM S-INCH THICK EROSION LAYER
• MINIMUM IHNCH THICK INFILTRATION LAYER WTTH A HYDRAULIC CONDUCTIVITY OF »l H04cm/MC

(21 A LESSER THICKNESS MAY BE USED IF DIFFERENTIAL SETTLEMENT AND LAND USE WILL NOT AFFECT
STRUCTURAL INTEGRITY OF THE! FINAL COVER.

(31 SCARIFIED AND RECOMPACTED UNSUITABLE SOU TO BE REMOVED AND REPLACED
W ASPHALT OVERLAY HAS A LOW HYDRAULIC CONOUCTIVTrY
151 REHABILITATED AS APPROPRIATE

WORKING DRAFT

GEOTECHNICAL MODELS TO ASSESS
INFILTRATION THROUGH

RCRA SUBTITLE D COVERS

WASTE DISPOSAL. INC.
SANTA FE SPRINGS, CALIFORNIA

TRC FIGURE F-1.



Title 27 Cover
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GCL Cover

1 ft thick vegetative layer
Ks=6.7E-05 cm/s

1 ft thick barrier soil layer
Ks=1.0E-06cm/s

2 ft thick vegetative layer
85% RC.
Ks=6.7E-05 cm/s

16oz. Geotextile

0.2 inch GCL
Ks=1.0E-08cm/s

Advanced
Earth Science*, Inc.

ana SrHmnmrn&l

Project No.: 01-123
WDI Superfund site

Unsaturated flow modeling

HELP Infiltration Model

Date: Figure E-2



Title 27
Layer

1
2
3

t
(in)

6
6
12

HELP
model

Texture
50*
51*
56*

Ks
(cm/s)

2.0E-4
6.7E-5
l.OE-6

Description

Veg. layer w/roots
Veg. layer w/o roots
Barrier layer

1 ft thick vegetative layer
Ks=6.7E-05 cm/s
(Ks of upper 6 inches increased to
account for root channels)

1 ft thick barrier soil layer
Ks=1.0E-06cm/s

GCL Cover
Layer

1
2
3

t
(in)

12
12
0.2

HELP
model

Texture
50*
51*
60*

Ks
(cm/s)

2.0E-4
6.7E-5
l.OE-8

Description

Veg. layer w/roots
Veg. layer w/o roots
GCL

2 ft thick vegetative layer
Ks=6.7E-05 cm/s
(Ks of upper 12 inches increased to
account for root channels)

GCL
Ks=1.0E-08cm/s

*-User defined Textures
Tex.#

50
51
55
56
60

Description

85% RC Vegetative layer w/ roots
85% RC Vegetative layer w/o roots
90% RC Barrier soil layer
Low perm. Layer
GCL

Total
Porosity
0.366
0.366
0.322
0.32
0.75

Field
Capacity
0.357
0.357
0.32
0.318
0.747

Wilting
Point
0.097
0.097
0.1
0.1
0.4

Satd. Hyd.
Cond. (cm/s)
2.00E-4
6.66E-5
l.OOE-5
l.OOE-6
l.OOE-8

Advanced
Earth Science*. Inc.
Gfo'.eff»"Cil Jnd 5hvwwnrf rj Cans uftjn a

Project No.: 01-123
WDI Superfund site

Unsaturated flow modeling

HELP Model Input Parameters
for Subtitle D Alternatives

Date: Figure E-3



Annual values for GCL cover Annual values for Title 27 cover

Year
1
2
3
4
5

Precipitation
(in)

15.65
22.28
27.96
9.34

23.04

Runoff
(in)
1.77
5.11
17.81
0.02
7.51

ET
(in)

13.12
13.47
13.11
8.90
14.79

Percolation
(in)
0.74
1.28
1.60
0.12
1.32

Cumulative values for GCL cover

Year
1
2
3
4
5

Precipitation
(in)

15.65
37.93
65.89
75.23
98.27

Runoff
(in)
1.77
6.88
24.69
24.71
32.22

ET
(in)

13.12
26.59
39.70
48.60
63.39

Percolation
(in)
0.74
2.02
3.62
3.74
5.06

Year
1
2
3
4
5

Precipitation
(in)

15.65
22.28
27.96
9.34

23.04

Runoff
(in)
4.05
7.06
17.70
0.24
9.41

ET
(in)
9.42
11.29
9.91
8.35
11.66

Percolation
(in)
2.22
3.44
2.84
0.44
2.41

Cumulative values for Title 27 cover

Year
1
2
3
4
5

Precipitation
(in)

15.65
37.93
65.89
75.23
98.27

Runoff
(in)
4.05
11.11
28.81
29.05
38.46

ET
(in)
9.42

20.71
30.62
38.97
50.63

Percolation
(in)
2.22
5.66
8.50
8.94
11.35

120

100

r so

» Precipitation (in)
—•— Runoff (in)
-A-ET (in)

X •••• Percolation (in)

Precipitation (in)
Runoff (in)

(in)
—X— Percolation (in)

Advanced
Earth Science*, Inc.

Project No.: 01-123
WDl Superfund site

Unsaturated flow modeling

Cumulative Water Balance for
GCL and Title 27 Covers

Date: Figure E-4



ANNUAL PERCOLATION

YEAR

1
2
3
4
5

Title 27 Cover
(inch)
2.22
3.44
2.84
0.44
2.41

(%)
14.20
15.44
10.15
4.76
10.45

GCL Cover
(inch)
0.74
1.28
1.60
0.12
1.32

(%)
4.71
5.73
5.72
1.26
5.73

CUMULATIVE PERCOLATION

END OF YEAR

0
1
2
3
4
5

Title 27 Cover
(inch)
0.00
2.22
5.66
8.50
8.94
11.35

(%)
0.00
14.19
14.92
12.90
11.88
11.55

GCL Cover
(inch)
0.00
0.74
2.02
3.62
3.74
5.06

(%)
0.00
4.71
5.33
5.49
4.97
5.15

PERCOLATION THROUGH COVER

o

o

CD
O.
0)

3 4
E
O

Title 27 Cover
GCL Cover

2

o i£^:_

Advanced
Earth Science*. Inc.

Project No.: 01-123
WDI Supcrfund site

Unsaturated flow modeling

Equivalence Demonstration for GCL Cover

Date: Figure E-5



Annual and Cumulative Percolation (inches)

Year
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

GCL Cover
Annual

0.45
1.27
0.99
1.03
1.45
1.23
0.50
1.62
0.47
0.91
0.41
0.85
0.74
1.14
1.08
1.15
1.31
0.44
0.80
0.33
0.78
0.25
0.58
1.02
0.44
1.52
1.68
0.33
1.04
0.59

Cumulative
0.45
1.72
2.70
3.73
5.18
6.41
6.92
8.54
9.00
9.91
10.32
11.17
11.91
13.05
14.14
15.28
16.59
17.03
17.84
18.17
18.95
19.19
19.78
20.79
21.24
22.75
24.44
24.77
25.80
26.39

Title 27 Cover
Annual

0.57
3.41
2.39
2.64
3.08
2.29
1.66
3.40
0.86
2.31
1.17
1.11
0.67
1.75
2.34
2.45
2.04
1.43
1.55
0.82
1.59
1.31
2.20
1.63
1.04
3.57
2.75
1.26
2.47
2.42

Cumulative
0.57
3.98
6.36
9.01
12.08
14.38
16.03
19.43
20.29
22.60
23.77
24.88
25.55
27.30
29.65
32.10
34.14
35.57
37.13
37.94
39.54
40.85
43.06
44.68
45.72
49.29
52.04
53.30
55.77
58.19

PERCOLATION THROUGH COVER

70

60

50

- GCL Cover
•Title 27 Cover

End of Year

Advanced
Earth Science*, Inc.

*ria ifMirUtnttrAal C

Project No.: 01-123
WDI Supcrfund site

Unsaturated flow modeling

Equivalence Demonstration for GCL Cover
With 30-Year Simulation Period

Date: Figure E-6



III. HELP MODEL INPUT/ OUTPUT FILES FOR
SUBTITLE D ALTERNATIVES

WITH 5- YEAR SIMULA TION PERIOD



TITLE27.0UT******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
** DEVELOPED BY ENVIRONMENTAL LABORATORY
** USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY**
**
**

**
**
**
**
**
**

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP\DAT\PR.D4
C:\HELP\DAT\TM.D7
C:\HELP\DAT\SR.D13
C:\HELP\DAT\ET.D11
C:\HELP\COV\TITLE27.DlO
C:\HELP\OUT\TITLE27.0UT

TIME: 16: 7 DATE: 11/27/2002
******************************************************************************

TITLE: subtitle D cover
******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 50

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

LAYER

6.00 INCHES
0.3660 VOL/VOL
0.3570 VOL/VOL
0.0970 VOL/VOL
0.2815 VOL/VOL

0.199999995000E-03 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 51

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =

6.00 INCHES
0.3660 VOL/VOL
0.3570 VOL/VOL
0.0970 VOL/VOL
0.3568 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.665999978000E-04 CM/SEC

LAYER 3

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 56

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

12.00 INCHES
0.3200 VOL/VOL
0.3180 VOL/VOL
0.1000 VOL/VOL
0.3200 VOL/VOL

0.999999997000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: scs RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 80.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 335. FEET.

SCS RUNOFF CURVE NUMBER = 80.10
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PR03ECTED ON HORIZONTAL PLANE = 8.100 ACRES
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 3.830 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 4.392 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.164 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 7.670 INCHES
TOTAL INITIAL WATER = 7.670 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

Page 1



TITLE27.0UT
EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
LOS ANGELES CALIFORNIA

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

33.80 DEGREES
2.00
285
151

12.0 INCHES
3.03 MPH
67.00 %
74.00 %
75.00 %
67.00 %

NOTE:

NOTE:

NOTE:

PRECIPITATION DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

TEMPERATURE DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

SOLAR RADIATION DATA FOR
WAS ENTERED BY THE USER.

SAN DIEGO

CALIFORNIA

CALIFORNIA

CALIFORNIA

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

3
0

1
0

1
0

.15

.00

.849

.000

.599

.000

FEB/AUG

3
0

0
0
1
0

.31

.00

.135

.000

.558

.000

MAR/SEP

5
0

1
0

3
0

.72

.00

.988

.000

.265

.000

APR/OCT

0
0

0
0

2
0

.04

.39

.000

.000

.349

.051

MAY/NOV

0.
0.

0.
0.

0.
0.

00
00

000
000

000
204

J UN/DEC

0.00
3.04

0.000
0.077

0.000
0.390

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.8914 0.0440 1.2071 0.0012 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0792

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

4.419
0.000

4.788
0.000

0.150
0.000

0.670
0.000

5.579
0.000

4.429
0.000

0.002
0.000

0.009
0.000

0.000
0.000

0.000
0.000

0.000
0.221

0.000
0.968

*******************************************************************************

******************************************************ft**ft*A*******************

ANNUAL TOTALS FOR YEAR 1

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

15.65

4.048

9.415

2.222897

0.8643

-0.037

7.670

7.633

0.000

0.000

0.0000

CU. FEET

460156.969

119037.875

276843.437

65359.852

-1084.327

225517.703

224433.375

0.000

0.000
0.147

PERCENT

100.00

25.87

60.16

14.20

-0.24

0.00

0.00

0.00

Page 2
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TITLE27.0UT
MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 8.292 6.086 0.215 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.975 4.497 1.092 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 3

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

27.96
17.697

9.909

2.838069

1.2161
-2.484

8.122

5.638

0.000

0.000

0.0000

CU. FEET

822107.937

520331.562

291353.875

83447.758

-73025.469

238811.781
165786.312

0.000

0.000
0.252

PERCENT

100.00

63.29

35.44

10.15

-8.88

0.00

0.00

0.00
ft******************************************************************************

ft******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 4

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH 0.0000 0.3883 0.0561 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 1.739 0.108 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.000 3.366 0.381 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

0.24
0.00

0.000
0.000

0.496
0.000

4.53
0.00

0,235
0.000

2.153
0.000

1.74
0.00

0.000
0.000

3.498
0.000

0.84
0.44

0.000
0.000

0.827
0.226

0.16
0.67

0.000
0.000

0.490
0.321

0.00
0.72

0.000
0.000

0.000
0.383

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 4

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

INCHES

9.34

0.235
8.395

CU. FEET

274624.000

6914.645
246843.859

PERCENT

100.00

2.52

89.88
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TITLE27.0UT
PERC./LEAKAGE THROUGH LAYER 3 0.444471 13068.770 4.76

AVG. HEAD ON TOP OF LAYER 3 0.1539

CHANGE IN WATER STORAGE 0.265 7796.741 2.84

SOIL WATER AT START OF YEAR 5.638 165786.312

SOIL WATER AT END OF YEAR 5.904 173583.062

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.009 0.00

************************** *****************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 5

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH 1.5803 0.0733 0.7389 0.0153 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 7.714 0.188 3.418 0.023 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.534 0.679 4.287 0.125 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 5

11.57
0.00

6.950
0.000

1.571
0.338

1.30
0.00

0.000
0.000

2.412
0.289

7.13
0.08

2.460
0.000

3.466
0.253

1.02
0.00

0.000
0.000

2.653
0.227

0.09
0.00

0.000
0.000

0.090
0.000

1.26
0.59

0.000
0.000

0.234
0.127

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

23.04

9.410

11.659

2.407715

0.9453

-0.437

5.904

5.467

0.000

0.000

0.0000

CU. FEET

677445.187

276685.250

342802.844

70794.047

-12836.937

173583.062

160746.125

0.000

0.000

0.007

PERCENT

100.00

40.84

50.60

10.45

-1.89

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC
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TITLE27.0UT

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRAN S PI RATION

TOTALS

STD. DEVIATIONS

6.39
0.05

6.32
0.11

4.485
0.000

5.151
0.000

1.389
0.169

0.503
0.163

PERCOLATION/LEAKAGE THROUGH LAYER

TOTALS

STD. DEVIATIONS

AVERAGES OF

0.9944
0.0000

0.6638
0.0000

MONTHLY

5.22
0.00

3.29
0.00

1.947
0.000

2.537
0.000

2.078
0.120

0.319
0.146

3

0.4872
0 . 0000

0.4735
0.0000

AVERAGED

4.52
0.02

2.64
0.04

1.134
0.000

1.126
0.000

3.311
0.055

0.232
0.111

0.6033
0.0000

0.5220
0.0000

0.41
0.47

0.48
0.54

0.000
0.000

0.000
0.000

2.018
0.142

0.917
0.079

0.0143
0.0000

0.0237
0 . 0000

0.05
0.24

0.07
0.34

0.000
0.000

0.000
0.000

0.116
0.182

0.212
0.118

0.0000
0.0134

0.0000
0.0299

0.43
1.85

0.61
1.79

0.000
0.125

0.000
0.238

0.109
0.444

0.151
0.354

0.0000
0.1579

0.0000
0.3107

DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 3

AVERAGES

STD. DEVIATIONS

4.8885 2.4350 2.7367 0.0399 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0059 0.5442

3.3336 2.5773 2.4727 0.0761 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0131 1.0973

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH

19.65 (

7.690 (

10.134 (

2.27047 (

7.242)

6.5635)

1.3465)

1.12288)

CU. FEET

577886.6

226119.16

297963.06

66758.617

PERCENT

100.00

39.129

51.561

11.55220
LAYER 3

AVERAGE HEAD ON TOP
OF LAYER 3

CHANGE IN WATER STORAGE

0.888 ( 0.444)

-0.441 ( 1.1936) -12954.32 -2.242
*******************************************************************************

**********************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 3

AVERAGE HEAD ON TOP OF LAYER 3

SNOW WATER

(INCHES)

3.47

3.085

0.068031

12.000

0.00

(CU. FT.)

102028.414

90716.2266

2000.31470

0.0000
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TITLE27.0UT
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3660

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0970

******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 5

LAYER

1

2
3

SNOW WATER

(INCHES)

0.9749

0.6521

3.8400

0.000

(VOL/VOL)

0.1625

0.1087

0.3200

******************************************************************************
******************************************************************************
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GCLCOVER.OUT******************************************************************************
******************************************************************************
** **
** **

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
** ncwci npcn RV cu\/TDnwupWTAi i &ano&-rnov **
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY

USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**
**

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP\DAT\PR.D4
C:\HELP\DAT\TM.D7
C:\HELP\DAT\SR.D13
C:\HELP\DAT\ET.Dll
C:\HELP\COV\GCLCOVER.DlO
C:\HELP\OUT\GCLCOVER.OUT

TIME: 16:31 DATE: 11/27/2002
******************************************************************************

TITLE: GCL COVER
******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 50

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. = 0

LAYER 2

12.00 INCHES
0.3660 VOL/VOL
0.3570 VOL/VOL
0.0970 VOL/VOL
0.2045 VOL/VOL

.199999995000E-03 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 51

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

12.00 INCHES
0.3660 VOL/VOL
0.3570 VOL/VOL
0.0970 VOL/VOL
0.2210 VOL/VOL

0.665999978000E-04 CM/SEC

LAYER

TYPE 3 - BARRIER
MATERIAL TEXTURE

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

SOIL LINER
NUMBER 60

0.20 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL

0.999999994000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: scs RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 80.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 335. FEET.

SCS RUNOFF CURVE NUMBER = 80.10
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 8.100 ACRES
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 5.106 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.784 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.328 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 5.256 INCHES
TOTAL INITIAL WATER = 5.256 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA
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GCLCOVER.OUT

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
LOS ANGELES CALIFORNIA

STATION LATITUDE = 33.80 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (DULIAN DATE) = 285
END OF GROWING SEASON (JULIAN DATE) = 151
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
AVERAGE ANNUAL WIND SPEED = 3.03 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 67.00 %

NOTE: PRECIPITATION DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

NOTE: TEMPERATURE DATA FOR SAN DIEGO
WAS ENTERED BY THE USER.

NOTE: SOLAR RADIATION DATA FOR SAN DIEGOWAS ENTERED BY THE USER.

CALIFORNIA

CALIFORNIA

CALIFORNIA

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

DAN/aUL

3.15
0.00

0.002
0.000

1.923
0.099

FEB/AUG

3.31
0.00

0.109
0.000

1.637
0.000

MAR/SEP

5.72
0.00

1.567
0.000

3.268
0.000

APR/OCT

0.04
0.39

0.000
0.000

3.811
0.044

MAY/NOV

0.00
0.00

0.000
0.000

1.481
0.152

J UN/DEC

0.00
3.04

0.000
0.095

0.365
0.335

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.1456 0.0087 0.5568 0.0075 0.0181 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

2
0

4
0

.667

.000

.220

.000

0.
0.

0.
0.

179
000

945
000

10.
0.

5.
0.

350
000

951
000

0
0

0
0

.127

.000

.432

.000

0.
0.

0.
0.

303
000

743
000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

15.65

1.772

13.116

0.736623
1.1355

0.025

5.256

5.281

0.000

0.000

0.0000

CU. FEET

460156.969

52106.629
385653.312

21658.932

738.148

154538.875

155277.016

0.000

0.000

-0.053

PERCENT

100.00

11.32

83.81

4.71

0.16

0.00

0.00

0.00
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GCLCOVER.OUT
*** ** *** ******* * ****** ** ft**** -teit * **** ft** * ****** *********** ******* ft***** *** * * **ft #

3AN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

2
0

0
0

1
0

.33

.24

.006

.000

.529

.360

FEB/AUG

7
0

3
0

2
0

.32

.00

.210

.000

.189

.278

MAR/SEP

6
0
1
0

2
0

.41

.00

.848

.000

.929

.243

APR/OCT

0
1

0
0

3
0

.16

.39

.000

.000

.138

.244

MAY/NOV

0.
0.
0.
0.

0.
0.

00
00

000
000

774
264

3 UN/DEC

0.00
4.43

0.000
0.042

0.385
1.133

PERCOLATION/LEAKAGE THROUGH 0.1214 0.3272 0.5784 0.1079 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.1426

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 2.203 6.687 10.794 2.046 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 2.566

STD. DEVIATION OF DAILY 3.290 7.279 8.141 4.292 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 2.448

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 2

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC

AVG.

./LEAKAGE THROUGH LAYER 3

HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL

SOIL

SNOW

SNOW

WATER

WATER

WATER

WATER

AT

AT

AT

AT

ANNUAL WATER

START OF YEAR

END OF YEAR

START

END OF

BUDGET

OF YEAR

YEAR

BALANCE

22

5

13

1

2

2

5

7

0

0

0

.28

.106

.467

.277404

.0245

.430

.281

.711

.000

.000

.0000

CU. FEET

655099

150120

395967

37559

71451

155277

226728

0

0

0

.062

.062

.281

.500

.953

.016

.969

.000

.000

.273

PERCENT

100

22

60

5

10

0

0

0

.00

.92

.44

.73

.91

.00

.00

.00
ft******* ***********************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

JAN/JUL

14.64
0.00

11.822
0.000

1.811
0.287

FEB/AUG

9.62
0.00

5.988
0.000

2.081
0.261

MAR/SEP

1.62
0.00

0.000
0.000

3.534
0.082

APR/OCT

0.00
0.15

0.000
0.000

3.954
0.120

MAY/NOV

0.00
0.55

0.000
0.000

0.324
0.160

J UN/DEC

0.91
0.47

0.000
0.000

0.281
0.216

PERCOLATION/LEAKAGE THROUGH 0.7405 0.6665 0.1648 0.0275 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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GCLCOVER.OUT
MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 13.831 13.781 3.034 0.485 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 7.774 6.585 4.814 0.929 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 3

INCHES CU. FEET PERCENT

PRECIPITATION 27.96 822107.937 100.00

RUNOFF 17.810 523660.281 63.70

EVAPOTRANSPIRATION 13.111 385499.656 46.89

PERC./LEAKAGE THROUGH LAYER 3 1.599246 47022.633 5.72

AVG. HEAD ON TOP OF LAYER 3 2.5942

CHANGE IN WATER STORAGE -4.560 -134074.391 -16.31

SOIL WATER AT START OF YEAR 7.711 226728.969

SOIL WATER AT END OF YEAR 3.151 92654.586

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 -0.203 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 4

DAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION 0.24 4.53 1.74 0.84 0.16 0.00
0.00 0.00 0.00 0.44 0.67 0.72

RUNOFF 0.000 0.023 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.404 1.966 3.537 1.592 0.544 0.000
0.000 0.000 0.000 0.198 0.306 0.354

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0817 0.0358 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 1.569 0.618 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.000 1.846 1.157 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 4

INCHES CU. FEET PERCENT

PRECIPITATION 9.34 274624.000 100.00

RUNOFF 0.023 688.224 0.25

EVAPOTRANSPIRATION 8.900 261677.828 95.29
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GCLCOVER.OUT
PERC./LEAKAGE THROUGH LAYER 3 0.117512 3455.212 1.26

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 5

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

0.1823

0.299

3.151

3.451

0.000

0.000

0.0000

8802.827

92654.586

101457.414

0.000

0.000

-0.066

3.21

0.00

0.00

0.00

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

11.57
0.00

1.30
0.00

7.13
0.08

1.02
0.00

0.09
0.00

1.26
0.59

4.430 0.000 3.077 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
1.479 2.274 3.478 3.743 2.207 0.297
0.323 0.281 0.277 0.237 0.000 0.194

0.6895 0.1370 0.4401 0.0524 0.0002 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

12.904 2.763 8.161 0.955 0.003 0.000
0.000 0.000 0.000 0.000 0.000 0.000

8.982 4.675 6.937 1.641 0.018 0.000
0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 5

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

23.04

7.507

14.790

1.319242

2.0655

-0.576

3.451
2.874

0.000

0.000

0.0000

CU. FEET

677445.187

220735.078

434866.125

38789.664

-16945.607

101457.414

84511.805
0.000

0.000

-0.053

PERCENT

100.00

32.58

64.19

5.73

-2.50

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
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GCLCOVER.OUT

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANS PI RATION

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

6.39
0.05

6.32
0.11

3.252
0.000

5.160
0.000

1.429
0.214

0.603
0.156

THROUGH LAYER

0.3394
0.0000

0.3478
0.0000

AVERAGES OF MONTHLY

5.22
0.00

3.29
0.00

1.866
0.000

2.681
0.000

2.029
0.164

0.248
0.150

3

0.2442
0.0000

0.2639
0.0000

AVERAGED

4.52
0.02

2.64
0.04

1.298
0.000

1.314
0.000

3.349
0.120

0.259
0.132

0.3552
0.0000

0.2429
0.0000

0.41
0.47

0.48
0.54

0.000
0.000

0.000
0.000

3.248
0.169

0.977
0.085

0.0391
0.0000

0.0435
0.0000

0.05
0.24

0.07
0.34

0.000
0.000

0.000
0.000

1.066
0.176

0.772
0.119

0.0037
0.0000

0.0081
0.0000

0.43
1.85

0.61
1.79

0.000
0.027

0.000
0.042

0.266
0.446

0.155
0.390

0 . 0000
0.0285

0.0000
0.0638

DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 3

AVERAGES

STD. DEVIATIONS

6.3208 4.9957 6.5915 0.7225 0.0612 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.5131

6.5190
0.0000

5.4767
0.0000

4.5438
0.0000

0.8272
0.0000

0.1351
0.0000

0.0000
1.1474

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH

19

6

12
1

.65

.444

.677

.01001

C

C

C

(

6

2

0

7.242)

.9848)

.2213)

.58856)

CU. FEET

577886,

189462

372732,

29697,

.6

.05

.78

.186

PERCENT

100

32

64

5

.00

.785

.499

.13893
LAYER 3

AVERAGE HEAD ON TOP
OF LAYER 3

CHANGE IN WATER STORAGE

1.600 ( 0.950)

-0.476 ( 2.5488) -14005.41 -2.424
*******************************************************************************

******************************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 3

AVERAGE HEAD ON TOP OF LAYER 3

SNOW WATER

(INCHES)

3.47

2.797

0.041199

24.000

0.00

(CU. FT.)

102028.414

82242.0781

1211.38330

0.0000
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GCLCOVER.OUT
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3660

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0970

******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 5

LAYER

1

2

3

SNOW WATER

(INCHES)

1.5604

1.1640

0.1500

0.000

(VOL/VOL)

0.1300

0.0970

0.7500

******************************************************************************
******************************************************************************
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IIL HELP MODEL INPUT/OUTPUT FILES FOR
SUBTITLE D ALTERNATIVES

WITH BO-YEAR SIMULATION PERIOD



30T27.0UT******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **

HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
DEVELOPED BY ENVIRONMENTAL LABORATORY **

USAE WATERWAYS EXPERIMENT STATION **
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **

**

**
**
**
**
**
** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP\DAT\30PR.D4
C:\HELP\DAT\30TM.D?
C:\HELP\DAT\30SR.D13
C:\HELP\DAT\TITLE27.Dll
C:\HELP\COV\TITLE2 7.DlO
C:\HELP\OUT\30t2 7.OUT

TIME: 13:59 DATE: 12/ 7/2002
******************************************************************************

TITLE: subtitle D cover******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 50

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

6.00 INCHES
0.3660 VOL/VOL
0.3570 VOL/VOL
0.0970 VOL/VOL
0.1328 VOL/VOL

= 0.199999995000E-03 CM/SEC

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

MATERIAL TEXTURE NUMBER 51
6.00 INCHES
0.3660 VOL/VOL
0.3570 VOL/VOL
0.0970 VOL/VOL
0.1578 VOL/VOL

0.665999978000E-04 CM/SEC

LAYER

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 56

THICKNESS = 12.00 INCHES
POROSITY = 0.3200 VOL/VOL
FIELD CAPACITY = 0.3180 VOL/VOL
WILTING POINT = 0.1000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3200 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.999999997000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 80.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 335. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND

=
=:
=

=
=
=

=

=
=

=

=

80.10
100.0
8.100
12.0
1.743
4.392
1.164
0.000
5.583
5.583
0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

WEATHER DATA
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30T27.0UT
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

LOS ANGELES CALIFORNIA
STATION LATITUDE = 33.80 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 285
END OF GROWING SEASON (JULIAN DATE) = 151
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 3.03 MPHAVERAGE 1ST QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 67.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR SAN DIEGO CALIFORNIA
NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
6.39 5.22 4.52 0.52 0.13 1.09
0.24 0.00 0.08 0.59 0.61 1.85

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LOS ANGELES CALIFORNIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

52.60 56.60 57,20 61.20 63.20 68.10
72.70 75.00 72.90 66.70 58.80 53.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LOS ANGELES CALIFORNIA

AND STATION LATITUDE = 33.80 DEGREES
*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 1

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

JAN/JUL

2.34
0.00

0.000
0.000

0.710
0.319

FEB/AUG

0.60
0.00

0.000
0.000

2.353
0.278

MAR/SEP

6.27
0.00

0.877
0.000

2.488
0.155

APR/OCT

0.77
0.44

0.000
0.000

3.157
0.133

MAY/NOV

0.00
0.38

0.000
0.000

0.407
0.307

JUN/DEC

1.02
1.06

0.000
0.000

0.268
0.422

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0544 0.4601 0.0527 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 0.142 2.178 0.162 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.000 0.590 3.792 0.853 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1

INCHES CU. FEET PERCENT

PRECIPITATION 12.88 378710.656 100.00
RUNOFF 0.877 25794.000 6.81
EVAPOTRANSPIRATION 10.997 323335.156 85.38
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30T27.0UT
PERC./LEAKAGE THROUGH LAYER 3 0.567160 16676.221 4.40

AVG. HEAD ON TOP OF LAYER 3 0.2068

CHANGE IN WATER STORAGE 0.439 12905.370 3.41

SOIL WATER AT START OF YEAR 5.583 164163.062

SOIL WATER AT END OF YEAR 6.022 177068.437

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 -0.081 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 2

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV ZIUN/DEC

PRECIPITATION 7.63 1.74 7.14 0.00 0.18 0.00
0.00 0.00 0.00 1.47 0.71 1.51

RUNOFF 2.906 0.000 2.865 0.000 0.000 0.000
0.000 0.000 0.000 0.001 0.000 0.000

EVAPOTRANSPIRATION 1.476 2.221 3.251 1.862 0.180 0.000
0.000 0.000 0.000 0.244 0.307 0.872

PERCOLATION/LEAKAGE THROUGH 1.1574 0.6105 1.1494 0.0287 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.4625

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 5.101 2.761 4.942 0.040 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.921

STD. DEVIATION OF DAILY 4.207 3.597 4.142 0.155 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 1.483

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 2

INCHES CU. FEET PERCENT

PRECIPITATION 20.38 599233.187 100.00

RUNOFF 5.773 169734.937 28.33
EVAPOTRANSPIRATION 10.414 306200.844 51.10

PERC./LEAKAGE THROUGH LAYER 3 3.408494 100219.961 16.72

AVG. HEAD ON TOP OF LAYER 3 1.1471

CHANGE IN WATER STORAGE 0.785 23077.441 3.85

SOIL WATER AT START OF YEAR 6.022 177068.437

SOIL WATER AT END OF YEAR 6.807 200145.875

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.049 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 3

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC
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PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

9.32
0.00

5.809
0.000

1.776
0.157

15.91
0.00

14.079
0.000

2.418
0.000

3.32
0.00

0.000
0.000

3.275
0.000

0.43
3.13

0.000
0.012

1.368
1.933

0.22
0.47

0.000
0.000

0.220
0.671

0.18
0.99

0.000
0.000

0.023
0.530

1.0930 0.9273 0.0361 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.3126 0.0000 0.0161

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

5.545 5.042 0.036 0.000 0.000 0.000
0.000 0.000 0.000 0.970 0.000 0.006

5.098 4.973 0.140 0.000 0.000 0.000
0.000 0.000 0.000 1.903 0.000 0.032

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 3

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

33.97

19.901

12.372

2.385155

0.9666

-0.688

6.807

6.119

0.000

0.000

0.0000

CU. FEET

998820.000

585135.875

363778.844

70130.711

-20225.221

200145.875

179920.656

0.000

0.000

-0.196

PERCENT

100.00

58.58

36.42

7.02

-2.02

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

8.11
0.00

7.65
0.00

4.02
0.22

0.53
1.04

0.00
1.10

0.00
1.20

5.179 4.288 1.022 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

0.903 2.364 3.363 2.002 0.000 0.000
0.000 0.000 0.122 0.263 0.369 1.209

0.3465 1.1871 0.7400 0.0305 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.3405

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY

1.815
0.000

3.901

5.957
0.000

3.095
0.000

0.063
0.000

4.266 3.784
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HEAD ON TOP OF LAYER 3 0.000
30T27.0UT
0.000 0.000 0.000 0.000 1.160

*******************************************************************************

A******************************************************************************

ANNUAL TOTALS FOR YEAR 4

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

23.87

10.488

10.595

2.644681

0.9714

0.142

6.119

6.261

0.000

0.000

0.0000

CU. FEET

701849.750

308389.375

311513.812

77761.570

4184 . 990

179920.656

184105.641

0.000

0.000

0.014

PERCENT

100.00

43.94

44.38

11.08

0.60

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRAN S PIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

9.12
0.00

6.442
0.000

4.26
0.00
0.211
0.000

1.571 2.374
0.000 0.000

7.59
0.00

3.127
0.000

3.105
0.000

0.15
1.47

0.000
0.000

2.807
0.132

0.11
0.54

0.000
0.000

0.175
0.271

0.00
0.37

0.000
0.000

0.000
0.301

0.7811 0.3897 1.4213 0.0845 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.4006

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

3.755
0.000
4.623
0.000

1.476
0.000

2.820
0.000

6.371
0.000

3.510
0.000

0.192
0.000

0.643
0.000

0.000
0.000

0.000
0.000

0.000
0.605

0.000
0.888

fc********************************************************ft*********************

ANNUAL TOTALS FOR YEAR 5

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

INCHES

23.61

9.779

10.735

3.077229

1.0333

0.018

6.261

CU. FEET

694204.750

287544.750

315646.656

90479.781

533.506
184105.641

PERCENT

100.00

41.42

45.47

13.03

0.08
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SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

30T27.0UT
6.280

0.000

0.000

0 . 0000

184639.141

0.000

0.000

0.084

0.00

0.00

0.00

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

7.92
0.00

4.475
0.000

0.949
0.000

4.11
0.00

2.382
0.000

2.536
0.000

6.25
0.07

2.669
0.000

3.588
0.048

0.61
0.52

0.000
0.000

1.345
0.234

0.12
0.19

0.000
0.000

0.143
0.285

0.00
2.35

0.000
0.000
0.000
0.666

0.6500 0.8262 0.7220 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0948

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

3.220 3.994 3.071 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.181

4.611 4.127 4.018 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.663

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 6

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

22.14

9.527

9.794

2.293025

0.8721

0.526

6.280

6.806

0.000

0.000

0.0000

CU. FEET

650982.687

280113.531
287981.937

67421.828

15465.110

184639.141

200104.266

0.000

0.000

0.273

PERCENT

100 . 00

43.03

44.24

10.36

2.38

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/DUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

3.00
2.60

0.000
0.006

2.23
0.00

0.405
0.000

1.69
0.00

0.000
0.000

0.39
0.90

0.000
0.000

0.22
0.47

0.000
0.000

0.88
1.44

0.000
0.000
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EVAPOTRANSPIRATION 1.675 2.253 3.359 0.390 0.220 0.181

2.151 0.979 0.000 0.107 0.345 0.354

PERCOLATION/LEAKAGE THROUGH 0.3960 0.6016 0.0309 0.0000 0.0000 0.0000
LAYER 3 0.1634 0.0000 0.0000 0.0000 0.0000 0.4643

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.263 2.866 0.062 0.000 0.000 0.000
TOP OF LAYER 3 0.550 0.000 0.000 0.000 0.000 0.749

STD. DEVIATION OF DAILY 2.218 3.903 0.295 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 1.662 0.000 0.000 0.000 0.000 0.955

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 7

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

13.82

0.411

12.015

1.656175

0.4575

-0.262

6.806

6.543

0.000

0.000

0.0000

CU. FEET

406349.437

12075.880

353287.969

48696.516

-7710.740

200104.266

192393.516

0.000

0.000

-0.165

PERCENT

100.00

2.97

86.94

11.98

-1.90

0.00

0.00

0.00

8.30
0.00
4.652
0.000

1.757
0.321

7.17
0.00

2.606
0.000

2.720
0.258

6.49
0.00

2.703
0.000

3.564
0.000

0.84
3.57

0.000
0.297

3.287
0.177

0.02
0.15

0.000
0.000

0.136
1.755

0.90
0.00

0.000
0.000

0.321
0.642

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 8

3AN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH 1.1851 0.8619 0.6883 0.1992 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.1389 0.3219 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 5.234 4.213 3.063 0.490 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.710 1.352 0.000

STD. DEVIATION OF DAILY 4.329 4.139 4.298 1.075 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 2.562 2.927 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 8
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PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

*******************************************************************************

ft****ft********************************ft***4************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 9

30T27.0UT
INCHES

27.44

10.257

14.939

3.395277

1.2552

-1.151

6.543

5.392

0.000

0.000

0.0000

CU. FEET

806818.500

301583.469

439252.406

99831.320

-33848.746

192393.516

158544.781

0.000

0.000

0.070

PERCENT

100.00

37.38

54.44

12.37

-4.20

0.00

0.00

0.00

JAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

0.
0.

0.
0.

0.
0.

79
00
000
000

562
000

FEB/AUG

2.
0.

0.
0.

1.
0.

37
00

014
000

718
000

MAR/SEP

8.
0.

3.
0.

3.
0.

31
00
382
000

540
000

APR/OCT

0
0

0
0

2
0

.65

.00

.000

.000

.426

.000

MAY/NOV

0
0

0
0

0
0

.14

.81

.000

.000

.131

.271

JUN/DEC

0.00
1.55

0.000
0.000

0.009
0.310

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.0000 0.0789 0.7553 0.0301 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

0.000
0.000

0.000
0.000

0.244
0.000

0.936
0.000

3.445
0.000

4.366
0.000

0.063
0.000

0.343
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*****************************************ft**********ft****ft***4ft**************ft*

ANNUAL TOTALS FOR YEAR 9

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

14.62

3.397

8.968

0.864333

0.3126

1.391

5.392

6.783

0.000

0.000

0.0000

CU. FEET

429871.969

99868.945

263698.719

25413.977

40890.262

158544.781

199435.031

0.000

0.000

0.068

PERCENT

100.00
23.23

61.34

5.91

9.51

0.00

0.00

0.00
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ft******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 10

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION 3.44 10.74 1.38 0.73 0.11 5.34
0.00 0.00 0.00 1.36 0.19 0.77

RUNOFF 0.746 8.482 0.000 0.000 0.000 1.861
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.727 2.330 3.316 0.614 0.226 2.007
0.706 0.430 0.139 0.219 0.315 0.360

PERCOLATION/LEAKAGE THROUGH 0.5176 1.1103 0.1099 0.0000 0.0000 0.1979
LAYER 3 0.0000 0.0000 0.0000 0.0614 0.0440 0.2688

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 2.600 5.795 0.300 0.000 0.000 0.855
TOP OF LAYER 3 0.000 0.000 0.000 0.025 0.019 0.095

STD. DEVIATION OF DAILY 4.344 4.425 1.074 0.000 0.000 2.625
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.053 0.026 0.136

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 10

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

24.06

11.088

11.389

2.309873

0.8074

-0.728

6.783

6.055

0.000

0.000

0.0000

CU. FEET

707436.250

326034.656

334880.406

67917.211

-21395.982

199435.031

178039.047

0.000

0.000

-0.021

PERCENT

100.00

46.09

47.34

9.60

-3.02

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 11

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH 0.0171 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.3754 0.1322 0.6472

Page 9

1.10
0.00

0.000
0.000

1.325
0.000

2.27
0.00

0.000
0.000

2.125
0.000

3.07
0.00

0.000
0.000

3.477
0.000

1.80
1.98

0.000
0.000

2.233
0.323

0.00
0.24

0.000
0.000

0.115
0.295

0.00
4.00

0.000
1.568

0.000
1.169



30T27.0UT
MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.023 0.000 0.000 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.595 0.064 3.061

STD. DEVIATION OF DAILY 0.128 0.000 0.000 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.912 0.151 4.311

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 11

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

14.46

1.568

11.061

1.171914

0.3119

0.658

6.055

6.713

0.000

0.000

0 . 0000

CU. FEET

425167.437

46115.828

325236.500

34457.793

19357.270

178039.047

197396.328

0.000

0.000

0.049

PERCENT

100.00

10.85

76.50

8.10

4.55

0.00

0.00

0.00

0.00
0.00

0.000
0.000

1.409
0.353

10.77
0.00

4.985
0.000

2.224
0.298

1.66
0.04

0.000
0.000

3.430
0.259

1.77
1.12

0.000
0.000

2.750
0.258

0.04
0.52

0.000
0.000

0.040
1.030

1.60
0.28

0.013
0.000

0.400
0.681

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 12

DAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH 0.0320 0.7726 0.3061 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.065 3.953 1.255 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.352 4.568 2.948 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 12

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

INCHES

17.80

4.997

13.133

CU. FEET

523373.469

146938.219

386155.406

PERCENT

100 . 00

28.08

73.78
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PERC./LEAKAGE THROUGH LAYER 3 1.110745 32659.229 6.24

AVG. HEAD ON TOP OF LAYER 3 0.4394

CHANGE IN WATER STORAGE -1.441 -42379.527 -8.10

SOIL WATER AT START OF YEAR 6.713 197396.328

SOIL WATER AT END OF YEAR 5.272 155016.797

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.133 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 13

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION 12.96 0.54 1.55 0.27 0.13 0.00
0.00 0.00 0.12 1.32 0.03 0.12

RUNOFF 8.307 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 1.504 2.165 2.482 0.310 0.209 0.072
0.000 0.000 0.119 0.238 0.251 0.302

PERCOLATION/LEAKAGE THROUGH 0.3288 0.3244 0.0162 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.567 1.608 0.023 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.334 3.368 0.126 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 13

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

17.04

8.307

7.653

0.669445

0.2665

0.411

5.272

5.683

0.000

0.000
0.0000

CU. FEET

501027.156

244247.047

225008.391

19683.687

12088.104

155016.797

167104 . 906

0.000

0.000

-0.037

PERCENT

100 . 00

48.75

44.91

3.93

2.41

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 14

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
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PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

5.45
0.00

1.933
0.000

8.00
0.00

4.523
0.000

1.591 2.433
0.315 0.000

3.71
0.00

0.079
0.000

3.709
0.000

1.05
0.26

0.000
0.000

2.682
0.200

0.00
0.05

0.000
0.000

0.265
0.110

2.57
1.35

0.121
0.000

2.058
0.371

0.9554 0.5281 0.1622 0.0286 0.0000 0.0759
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

4.567
0.000

4.605
0.000

2.584
0.000

4.011
0.000

0.502
0.000

1.524
0.000

0.061
0.000

0.334
0.000

0.000
0.000

0.000
0.000

0.151
0.000

0.555
0.000

*******************************************************************************

*****************************************************************************

ANNUAL TOTALS FOR YEAR 14

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

22.44

6.656

13.735

1.750301

0.6554

0.300

5.683

5.983

0.000

0.000

0.0000

CU. FEET

659803.437

195694.172

403837.094

51464.090

8807.951

167104.906

175912.859

0.000

0.000

0.151

PERCENT

100.00

29.66

61.21

7.80

1.33

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 15

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

JAN/JUL

9.67
0.00

5.496
0.000

1.151
1.395

FEB/AUG

1.18
0.00

0.000
0.000

2.010
0.029

MAR/SEP

4.93
0.00

1.239
0.000

2.816
0.000

APR/OCT

0.66
0.00

0.000
0.000

2.875
0.000

MAY/NOV

0.10
1.24

0.000
0.000

0.100
0.207

J UN/DEC

1.98
1.51

0.001
0.000

0.554
0.315

PERCOLATION/LEAKAGE THROUGH
LAYER 3

1.2580 0.2744 0.2550 0.0437 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.5137

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY

6.478
0.000

4.853

0.980
0.000

0.850
0.000

0.083
0.000

2.361 2.182
Page 12

0.000
0.000

0.000
0.827

0.350 0.000 0.000



HEAD ON TOP OF LAYER 3 0.000
30T27.0UT
0.000 0.000 0.000 0.000 0.969

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 15

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

21.27

6.737

11.453

2.344767

0.7682

0.735

5.983

6.718

0.000

0.000

0.0000

CU. FEET

625401.750

198082.766

336753.937
68943.180

21621.965

175912.859

197534.812

0.000

0.000

-0.091

PERCENT

100.00

31.67

53.85

11.02

3.46

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 16

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

18.60
1.79

14.965
0.033

1.629
0.218

3.49
0.00

0.582
0.000

2.350
0.381

0.55
0.21

0.000
0.000

2.257
0.315

0.29
0.02

0.000
0.000

0.682
0.295

0.01
0.35

0.000
0.000

0.010
0.329

1.49
1.25

0.005
0.000

1.485
0.481

1.4155 0.7056 0.0582 0.0000 0.0000 0.0000
0.0000 0.2723 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

6.707
0.000

4.349
0.000

2.987
0.220

3.642
0.488

0.116
0.000

0.529
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

****************************************************

ANNUAL TOTALS FOR YEAR 16

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

INCHES

28.05

15.585

10.431

2.451542

0.8358

-0.418

6.718

CU. FEET

824754.375

458255.406
306707.844

72082.687

-12291.920

197534.812

PERCENT

100.00

55.56

37.19

8.74

-1.49
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SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

30T27.0UT
6.300

0.000

0.000

0.0000

185242.891

0.000

0.000

0.393

0.00

0.00

0.00
*******************************************ft***********************************

ft***************************************************ft**************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 17

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

13.89
0.00
9.747
0.000

1.775
0.000

2.74
0.00

0.000
0.000

2.259
0.000

6.97
0.00

2.402
0.000

3.659
0.000

0.31
0.00

0.000
0.000

3.325
0.000

0.18
0.46

0.000
0.000

0.180
0.170

0.00
0.97

0.000
0.000

0.000
0.347

1.5322 0.2732 0.1772 0.0567 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

7.361 0.864 0.952 0.194 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

3.861 1.787 2.962 1.020 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 17

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

25.52

12 . 149

11.716

2.039256

0.7809

-0.384

6.300

5.916

0.000

0.000

0.0000

CU. FEET

750364.687

357212.781

344475.594

59960.234

-11284.103

185242.891

173958.797

0.000

0.000

0.182

PERCENT

100.00

47.61

45.91

7.99

-1.50

0.00

0.00
0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 18

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

3.17
0.00

0.461
0.000

7.22
0.00
4.697
0.000

1.91
0.00

0.000
0.000

1.24
0.14

0.000
0.000

0.04
0.40

0.000
0.000

0.20
0.11

0.000
0.000
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EVAPOTRANSPIRATION 1.310 2.059 2.697 1.546 0.287 0.200

0.000 0.000 0.000 0.080 0.265 0.244

PERCOLATION/LEAKAGE THROUGH 0.8142 0.6205 0.0000 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 3.429 3.097 0.000 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.935 4.099 0.000 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 18

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

14.43

5.158

8.689

1.434626

0.5438

-0.852

5.916

5.064

0.000

0.000

0.0000

CU. FEET

424285.312

151661.703

255490.047

42182.301

-25048.617

173958.797

148910.172

0.000

0.000

-0.084

PERCENT

100.00

35.75

60.22

9.94

-5.90

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 19

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION 7.24 6.04 0.02 0.78 0.07 0.00
0.00 0.00 0.00 0.74 1.02 0.81

RUNOFF 2.534 3.211 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.989 2.028 3.050 0.476 0.373 0.000
0.000 0.000 0.000 0.240 0.365 0.354

PERCOLATION/LEAKAGE THROUGH 0.8395 0.6468 0.0619 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0063

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 3.612 3.090 0.208 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.003

STD. DEVIATION OF DAILY 4.036 3.925 1.084 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.015

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 19
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PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 20

30T27.0UT
INCHES

16.72

5.745

7.877

1.554550

0.5761

1.543

5.064

6.608

0.000

0.000

0 . 0000

CU . FEET

491618.156

168915.219

231617.562

45708.434

45377.000

148910.172

194287.172

0.000

0.000

-0.035

PERCENT

100 . 00

34.36

47.11

9.30

9.23

0.00

0.00

0.00

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

3AN/3UL

1.93
0.00

0.000
0.000

1.619
0.000

FEB/AUG

9.51
0.00

7.097
0.000

2.444
0.000

MAR/SEP

0.72
0.02

0.000
0.000

1.727
0.020

APR/OCT

0.49
0.00

0.000
0.000

0.551
0.000

MAY/NOV

0.21
0.66

0.000
0.000

0.211
0.036

OUN/DEC

1.90
0.37

0.049
0.000

1.851
0.296

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.3428 0.4723 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.130 2.451 0.000 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 2.210 4.372 0.000 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

ANNUAL TOTALS FOR YEAR 20

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

15.81

7.146

8.754

0.815163

0.2984

-0.906

6.608

5.702

0.000

0.000

0.0000

CU. FEET

464861.500

210116.703

257403.219

23968.250

-26626.617

194287.172

167660.562

0.000

0.000

-0.035

PERCENT

100 . 00

45.20

55.37

5.16

-5.73

0.00

0.00

0.00
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5.08
0.00

1.930
0.000

0.701
0.131

5.42
0.00

3.624
0.000

2.125
0.000

3.11
0.11

0.033
0.000

3.393
0.110

0.83
0.00

0.000
0.000

1.926
0.000

0.13
0.67

0.000
0.000

0.141
0.110

0.32
2.09

0.000
0.000

0.190
0.600

30T27.0UT*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 21

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH 0.5671 0.8000 0.0290 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.1988

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 2.679 3.715 0.059 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.306

STD. DEVIATION OF DAILY 4.176 3.959 0.330 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.651

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 21

INCHES CU. FEET PERCENT

"***• PRECIPITATION 17.76 522197.312 100.00

RUNOFF 5.586 164248.953 31.45

EVAPOTRANSPIRATION 9.426 277152.594 53.07

PERC./LEAKAGE THROUGH LAYER 3 1.594892 46894.617 8.98

AVG. HEAD ON TOP OF LAYER 3 0.5633

CHANGE IN WATER STORAGE 1.153 33901.168 6.49

SOIL WATER AT START OF YEAR 5.702 167660.562

SOIL WATER AT END OF YEAR 6.855 201561.719

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.011 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 22

OAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV HUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRAN S PIRATION

PERCOLATION/LEAKAGE THROUGH 0.3363 0.2233 0.6154 0.0000 0.0000 0.0918
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0468

page 17

2.32
0.00

0.025
0.000

1.582
0.536

2.08
0.00

0.000
0.000

2.208
0.032

7.12
0.06

4.116
0.000

3.342
0.034

0.01
0.12

0.000
0.000

0.932
0.060

0.36
0.40

0.000
0.000
0.137
0.234

1.76
1.81

0.000
0.000

1.323
0.277



30T27.0UT
MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.090 0.790 2.611 0.000 0.000 0.141
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.063

STD. DEVIATION OF DAILY 2.372 1.684 4.035 0.000 0.000 0.445
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.311

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 22

INCHES CU. FEET PERCENT

PRECIPITATION 16.04 471624.156 100.00

RUNOFF 4.141 121764.922 25.82

EVAPOTRANSPIRATION 10.697 314536.875 66.69

PERC. /LEAKAGE THROUGH LAYER 3 1.313724 38627.414 8.19

AVG. HEAD ON TOP OF LAYER 3 0.3913

CHANGE IN WATER STORAGE -0.112 -3305.166 -0.70

SOIL WATER AT START OF YEAR 6.855 201561.719

SOIL WATER AT END OF YEAR 6.743 198256.562

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.154 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 23

FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION 3.16 9.38 4.73 0.19 0.12 0.00
0.42 0.00 0.00 0.00 1.99 0.14

RUNOFF 0.789 5.853 1.642 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 1.012 2.541 3.948 1.209 0.121 0.000
0.277 0.143 0.000 0.000 0.271 0.262

PERCOLATION/LEAKAGE THROUGH 0.8205 0.7072 0.6762 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 3.155 3.664 3.046 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.781 4.240 4.050 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 23

INCHES CU. FEET PERCENT

PRECIPITATION 20.13 591882.437 100.00

RUNOFF 8.285 243596.953 41.16

EVAPOTRANSPIRATION 9.784 287670.375 48.60
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30T27.0UT
PERC./LEAKAGE THROUGH LAYER 3 2.203857 64800.023 10.95

AVG. HEAD ON TOP OF LAYER 3 0.8221

CHANGE IN WATER STORAGE -0.142 -4184.906 -0.71

SOIL WATER AT START OF YEAR 6.743 198256.562

SOIL WATER AT END OF YEAR 6.600 194071.656

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.028 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 24

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION 7.00 2.17 3.76 0.09 0.16 5.25
0.00 0.00 0.00 0.33 0.07 2.36

RUNOFF 4.065 0.007 0.000 0.000 0.000 1.475
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 1.067 2.444 3.693 1.959 0.160 2.387
0.706 0.430 0.108 0.030 0.239 0.294

PERCOLATION/LEAKAGE THROUGH 0.7352 0.1914 0.4398 0.0158 0.0000 0.1442
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.1007

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

2.781
0.000

3.897
0.000

0.649
0.000

1.540
0.000

1.396
0.000

2.457
0.000

0.023
0.000

0.127
0.000

0.000
0.000

0.000
0.000

0.598
0.149

1.873
0.484

*******************************************************************************

ANNUAL TOTALS FOR YEAR 24

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

INCHES

21.19

5.547

13.515

1.627094

0.4662

0.500

6.600

7.101

0.000

0.000

CU. FEET

623049.687

163103.984

397390.500

47841.437

14713.643

194071.656

208785.297

0.000

0.000
ANNUAL WATER BUDGET BALANCE 0.0000 0.130

*********************************-te***********************************i

PERCENT

100.00

26.18

63.78

7.68

2.36

0.00

0.00

0.00

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 25

3AN/HUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
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30T27.0UT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

3.65
1.20

0.745
1.598

2.25
0.00

2.129 0.813
0.000 0.000

2.304
0.584

1.12
0.00

0.000
0.000

1.540
0.012

0.63
0.01
0.000
0.000

1.239
0.010

0.06
1.09

0.000
0.000

0.041
0.171

3.39
1.48

0.503
0.000

1.849
0.285

0.5483 0.4297 0.0000 0.0000 0.0000 0.0452
0.0175 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

2.326 2.129
0.023 0.000

0.000 0.000
0.000 0.000

0.000 0.140
0.000 0.000

3.716
0.129

3.739 0.000 0.000 0.000
0.000 0.000 0.000 0.000

0.712
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 25

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

14.88

3.445

10.378

1.040760

0.3848

0.017

7.101

7.118

0.000

0.000

0 . 0000

CU. FEET

437516.687

101287.547

305133.750

30601.461

493.940

208785.297

209279.234

0.000

0.000

0.021

PERCENT

100.00

23.15

69.74

6.99

0.11

0.00

0.00

0.00

MONTHLY TOTALS (IN INCHES) FOR YEAR 26

JAN/JUL FEB/AUG

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

MONTHLY

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY

10
0

6
0

1
0

1
0

.35

.00

.654

.000

.499

.000

.2031

.0000

SUMMARIES FOR

5
0

4

.234

.000

.156

4
0

2
0

2
0

0
0

.23

.00

.020

.000

.331

.000

.8988

.0000

DAILY

4
0

4

.627

.000

.479
Page

MAR/SEP

3
0

1
0

3
0

0
0

.20

.00

.387

.000

.027

.000

.3489

.0000

APR/OCT

1.
0.

0.
0.
1.
0.

0.
0.

35
00

000
000

870
000

0000
0000

MAY/NOV

0
0

0
0

0
0

0
0

.08

.22

.000

.000

.085

.073

.0000

.0000

J UN/DEC

0.00
6.92

0.000
1.917

0.000
1.077

0.0000
1.1164

HEADS (INCHES)

l
0
3

20

.509

.000

.178

0.
0.

0.

000
000

000

0
0

0

.000

.000

.000

0.000
5.210

0.000



HEAD ON TOP OF LAYER 3 0.000
30T27.0UT
0.000 0.000 0.000 0.000 4.469

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 26

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC,

AVG.

. /LEAKAGE THROUGH LAYER 3

HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL

SOIL

SNOW

SNOW

WATER AT

WATER AT

WATER AT

WATER AT

START

END OF

START

END OF

OF YEAR

YEAR

OF YEAR

YEAR

26.

11.

9.

3.

1.
0.
7.

7.

0.

0.

35

978

962

567257

3817

844

118

961

000

000

CU. FEET

774769

352177

292902

104888

24801

209279

234080

0

0

.187

.594

.031

.070

.451

.234

.687

.000

.000

PERCENT

100.

45.

37.

13.

3.

0.

0.

ANNUAL WATER BUDGET BALANCE 0.0000 0.091 0.

**************************************************************************

00

46

81

54

20

00

00

00

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 27

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

9.99
0.00
7.299
0.000

1.769
0.000

6.77
0.00

3.632
0.000

2.235
0.000

3.20
0.06

0.400
0.000

3.542
0.027

0.09
0.30

0.000
0.000

1.382
0.071

0.00
0.54

0.000
0.000

0.000
0.208

0.00
1.43

0.000
0.000

0.000
0.316

0.9008 1.0176 0.8288 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

4.208
0.000

4.514
0.000

4.983
0.000

3.983
0.000

3.592
0.000

3.952
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 27

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

INCHES

22.38

11.331

9.550

2.747174

1.0653

-1.249

7.961

CU. FEET

658039.125

333178.531

280811.281

80775.156

-36725.699

234080.687

PERCENT

100.00

50.63

42.67

12.28

-5.58
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SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

30T27.0UT
6.712

0.000
0.000
0.0000

197354.984

0.000

0.000

-0.084

0.00
0.00

0.00
*******************************************************************************

***ft***ft***********ft********ft********4*ft********ft****ftft****4*ft************ft****

MONTHLY TOTALS (IN INCHES) FOR YEAR 28

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

3.74
0.53

2.10
0.00

1.50
0.00

0.00
0.23

0.26
0.02

0.00
1.07

0.994 1.714 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

0.557 2.305 2.216 0.000 0.044 0.216
0.196 0.245 0.089 0.124 0.126 0.056

0.6688 0.5938 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

1.984 3.086 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

3.438 4.525 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

fc*****#******fc**#*******#ft****ft**ft*ft-frftft*ft*ft#***

fc**&***ft*#*******ft***##*###***#**ftft***##ft##

ANNUAL TOTALS FOR YEAR 28

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

9.45

2.708

6.174

1.262639

0.4225

-0.694

6.712

6.018

0.000

0.000

0.0000

CU. FEET

277858.344

79621.070

181528.797

37125.367

-20416.754

197354.984

176938.234

0.000

0.000

-0.109

PERCENT

100.00

28.66

65.33

13.36

-7.35

0.00

0.00

0.00
*******************************************************************************

ft******** ************ ******************************************** ft* ************

MONTHLY TOTALS (IN INCHES) FOR YEAR 29

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV DUN/DEC

PRECIPITATION

RUNOFF

6.72
0.00

2.380
0.000

6.05
0.00

3.508
0.000

3.06
0.18

0.418
0.000

0.87
0.23

0.000
0.000

0.00
0.55

0.000
0.000

0.00
0.78

0.000
0.000
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30T27.0UT
EVAPOTRANSPIRATION 1.449 2.183 3.430 1.873 0.000 0.000

0.000 0.000 0.145 0.053 0.228 0.250

PERCOLATION/LEAKAGE THROUGH 1.3577 0.8702 0.2449 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 6.299 4.653 1.075 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 4.013 4.725 2.904 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 29

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

18.44

6.306

9.611

2.472854

1.0023

0.050

6.018

6.068

0.000

0.000

0.0000

CU. FEET

542191.375

185408.344

282601.531

72709.336

1472.077

176938.234

178410.312

0.000

0.000

0.084

PERCENT

100.00

34.20

52.12

13.41

0.27

0.00

0.00

0.00

0.54
0.00

0.000
0.000

0.308
0.000

6.91
0.00

3.566
0.000

1.096
0.000

5.59
0.24

3.294
0.000

3.762
0.159

0.83
0.00

0.000
0.000

1.309
0.081

0.00
1.07

0.000
0.000

0.000
0.344

0.00
1.49

0.000
0.000

0.000
0.367

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANS PIRATION

PERCOLATION/LEAKAGE THROUGH 0.0000 0.6224 0.9759 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.8171

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 2.946 4.398 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 1.655

STD. DEVIATION OF DAILY 0.000 4.223 4.251 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 1.538

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 30
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PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

*******************************************************************************
*******************************************************************************

30T27.0UT
INCHES

16.67

6.861

7.426

2.415445

0.7499

-0.032

6.068

6.036

0.000

0.000

0.0000

CD. FEET

490148.094

201719.328

218355.109

71021.328

-947.726

178410.312

177462.594

0.000

0.000

0.070

PERCENT

100 . 00

41.15

44.55

14.49

-0.19

0.00

0.00

0.00

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3 UN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

6.22
0.22

4.39
0.60

3.331
0.001

3.611
0.006

1.237
0.313

0.434
0.529

THROUGH LAYER

0.6933
0.0060

0.4562
0.0299

AVERAGES OF MONTHLY

5.20
0.00

3.65
0.00

2.743
0.000

3.201
0.000

2.239
0.136
0.287
0.233

3

0.5873
0.0091

0.3152
0.0497

AVERAGED

3.80
0.04

2.38
0.08

1.055
0.000

1.343
0.000

3.135
0.062

0.603
0.084

0.3770
0.0000

0.3936
0.0000

0.62
0.69

0.48
0.92

0.000
0.010

0.000
0.054

1.680
0.184

0.950
0.347

0.0190
0.0296

0.0405
0.0901

0.10
0.55

0.09
0.44

0.000
0.000

0.000
0.000

0.145
0.332

0.106
0.325

0.0000
0.0166

0.0000
0.0629

0.96
1.39

1.49
1.34

0.134
0.116

0.430
0.444

0.513
0.467

0.780
0.285

0.0185
0.1832

0.0477
0.2895

DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 3

AVERAGES

STD. DEVIATIONS

3.1076 2.8449 1.6052 0.0457 0.0000 0.0628
0.0191 0.0073 0.0000 0.0766 0.0478 0.4853

2.2072
0.1004

1.6923
0.0401

1.7623
0.0000

0.1015
0.2365

0.0000
0.2466

0.1886
1.1039

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30

PRECIPITATION

INCHES

19.79 ( 5.388)

CU. FEET

581807.0

PERCENT

100.00
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RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

AVERAGE HEAD ON TOP
OF LAYER 3

CHANGE IN WATER STORAGE

30T27.0UT
7.391 ( 4.3171)

10.442 ( 1.9628)

1.93965 ( 0.83942)

0.692 ( 0.319)

0.015 ( 0.7737)

217320.75

307011.50

57031.445

443.32

37.353

52.769

9.80247

0.076
*******************************************************************************

******************************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 3

AVERAGE HEAD ON TOP OF LAYER 3

SNOW WATER

(INCHES)
6.02
5.779
0.068031
12.000
0.00

CCU. FT.)

177006.062

169906.8280

2000.31470

0.0000

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3660

0.0970
******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 30

LAYER

1

2

3

(INCHES)

0.7530

1.4426

3 . 8400

(VOL/VOL)

0.1255

0.2404

0.3200
SNOW WATER 0.000

******************************************************************************
******************************************************************************
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30GCL.OUT
******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **

HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
DEVELOPED BY ENVIRONMENTAL LABORATORY **

USAE WATERWAYS EXPERIMENT STATION **
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **

**

**
**
**
**
**
** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE: c:\HELP\DAT\30PR.D4
TEMPERATURE DATA FILE: C:\HELP\DAT\30TM.D7
SOLAR RADIATION DATA FILE: C:\HELP\DAT\30SR.D13
EVAPOTRANSPIRATION DATA: C:\HELP\DAT\GCLCOVER.Dll
SOIL AND DESIGN DATA FILE: C:\HELP\COV\GCLCOVER.DlO
OUTPUT DATA FILE: C:\HELP\OUT\30GCL.OUT

TIME: 13:14 DATE: 12/ 7/2002
******************************************************************************

TITLE: GCL COVER******************************************************************************
NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 50

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND.

12.00 INCHES
0.3660 VOL/VOL
0.3570 VOL/VOL
0.0970 VOL/VOL
0.1497 VOL/VOL

0.199999995000E-03 CM/SEC

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 51

THICKNESS = 12.00 INCHES
POROSITY = 0.3660 VOL/VOL
FIELD CAPACITY = 0.3570 VOL/VOL
WILTING POINT = 0.0970 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2616 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.665999978000E-04 CM/SEC

LAYER 3

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 60

0.20 INCHES
0.7500 VOL/VOL
0.7470 VOL/VOL
0.4000 VOL/VOL
0.7500 VOL/VOL

0.999999994000E-08 CM/SEC

NOTE:

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER-
SPECIFIED CURVE NUMBER OF 80.0, A SURFACE SLOPE
OF 2.% AND A SLOPE LENGTH OF 335. FEET.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND WEATHER DATA

80.10
100.0

8.100
24.0
4.936
8.784
2.328
0.000
5.086
5.086
0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR
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30GCL.OUT

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
LOS ANGELES CALIFORNIA

STATION LATITUDE = 33.80 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 285
END OF GROWING SEASON OlILIAN DATE) = 151
EVAPORATIVE ZONE DEPTH = 24.0 INCHES
AVERAGE ANNUAL WIND SPEED = 3.03 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 75.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 67.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR SAN DIEGO CALIFORNIA
NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV HUN/DEC
6.39 5.22 4.52 0.52 0.13 1.09
0.24 0.00 0.08 0.59 0.61 1.85

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LOS ANGELES CALIFORNIA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV DUN/DEC

52.60 56.60 57.20 61.20 63.20 68.10
72.70 75.00 72.90 66.70 58.80 53.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR LOS ANGELES CALIFORNIA

AND STATION LATITUDE = 33.80 DEGREES

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 1

3AN/3UL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

2
0

0
0

1
0

.34

.00

.001

.000

.010

.323

FEB/AUG

0
0

0
0

2
0

.60

.00

.000

.000

.362

.279

MAR/SEP

6
0

0
0

3
0

.27

.00

.214

.000

.094

.242

APR/OCT

0.
0.

0.
0.

3.
0.

77
44

000
000

238
243

MAY/NOV

0
0

0
0

0
0

.00

.38

.000

.000

.794

.279

JUN/DEC

1.02
1.06

0.000
0.000

0.605
0.758

PERCOLATION/LEAKAGE THROUGH 0.0642 0.1152 0.1906 0.0579 0.0211 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.119 2.265 3.509 1.079 0.349 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 1.535 2.029 4.835 2.529 0.801 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 1

PRECIPITATION

RUNOFF

INCHES

12.88

0.215
page 2

CU. FEET

378710.656

6329.397

PERCENT

100 . 00

1.67



EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 2

30GCL.OUT

13.226
0.449050

0.6935

-1.011
5.085

4.075

0.000

0.000

0.0000

388892.406

13203.422

-29714.578

149527.000

119812.430

0.000

0.000

0.028

102 . 69

3.49

-7.85

0.00

0.00

0.00

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

7.63
0.00

0.910
0.000

1.629
0.000

1.74
0.00

0.000
0.000

2.298
0.000

7.14
0.00

3.337
0.000

3.284
0.000

0.00
1.47

0.000
0.001

4.071
0.243

0.18
0.71

0.000
0.000

1.353
0.362

0.00
1.51

0.000
0.000

0.138
0.783

0.3299 0.3363 0.5869 0.0132 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

6.153 6.855 10.921
0.000 0.000 0.000

7.106
0.000

4.798
0.000

6.705
0.000

0.234
0.000
0.727
0.000

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000

*******************************************************************************

******ft************************************************************************

ANNUAL TOTALS FOR YEAR 2

PRECIPITATION

RUNOFF

EVAPOTRANS PIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

20.38

4.248

14 . 162

1.266363

2.0137

0.704

4.075

4.778

0.000

0.000

0.0000

CU. FEET

599233.187

124906.891

416403.656

37234.867

20687.895

119812.430

140500.328

0.000

0.000

-0.088

PERCENT

100 . 00

20.84

69.49

6.21

3.45

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR
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30GCL.OUT

3AN/3UL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

9
0

3
0

1
0

.32

.00

.705

.000

.565

.149

FEB/AUG

15.
0.

14.
0.

2.
0.

91
00

627
000

377
000

MAR/SEP

3.
0.

0.
0.

3.
0.

32
00

009
000

322
000

APR/OCT

0.
3.

0.
0.

4.
1.

43
13

000
010

066
798

MAY/NOV

0
0

0
0

0
0

.22

.47

.000

.000

.840

.735

JUN/DEC

0.18
0.99

0.000
0.000

0.031
0.548

PERCOLATION/LEAKAGE THROUGH 0.3785 0.3790 0.2164 0.0153 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

7.073
0.000

8.729
0.000

7.822
0.000

8.909
0.000

3.951
0.000

3.667
0.000

0.270
0.000

0.792
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 3

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

33.97

18.351

15.431

0.989221

1.5930

-0.801

4.778

3.977

0.000

0.000

0.0000

CU. FEET

998820.000

539577.000

453721.562

29086.078

-23564.658

140500.328

116935.664

0.000

0.000

0.026

PERCENT

100.00

54.02

45.43

2.91

-2.36

0.00

0.00

0.00
ftftftftftftftftftftft-ftftftftftftftftftft-hftftftftft-kftftirftftftftftftftftftftftftftft-^ftftftftftftitftftftftftitftftftftftftftftftftftftftftftftftftftft

MONTHLY TOTALS (IN INCHES) FOR YEAR

3AN/DUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

8.
0.

2.
0.

0.
0.

11
00

458
000

905
000

FEB/AUG

7.
0.

4.
0.

2.
0.

65
00

881
000

376
000

MAR/SEP

4.
0.
1.
0.

3.
0.

02
22

333
000

390
132

APR/OCT

0.
1.

0.
0.

4.
0.

53
04

000
000

035
254

MAY/NOV

0
1

0
0

1
0

.00

.10

.000

.000

.402

.419

JUN/DEC

0.00
1.20

0.000
0.000

0.000
0.935

PERCOLATION/LEAKAGE THROUGH 0.1059 0.5317 0.3891 0.0021 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.975 10.570 7.189 0.032 0.000 0.000
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TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

0.000

5.084
0.000

30GCL.OUT
0.000 0.000 0.000 0.000 0.000

6.893
0.000

7.170
0.000

0.133
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 4

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

23.87

8.672

13.849

1.028862

1.6472

0.321

3.977

4.298

0.000

0.000

0.0000

CU. FEET

701849.750

254980.344

407188.625

30251.641

9429.078

116935.664

126364.742

0.000

0.000

0.053

PERCENT

100.00
36.33
58.02
4.31

1.34

0.00

0.00
0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

9.12
0.00

4.018
0.000

1.363
0.000

4.26
0.00

0.876
0.000

2.278
0.000

7.59
0.00

3.776
0.000

3.109
0.000

0.15
1.47

0.000
0.000

4.079
0.154

0.11
0.54

0.000
0.000

2.073
0.299

0.00
0.37

0.000
0.000

0.029
0.360

0.1899 0.3022 0.7754 0.1417 0.0380 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

3.504
0.000

6.152
0.000

6.200 14.492
0.000 0.000

6.348
0.000

6.487
0.000

2.614
0.000

2.537
0.000

0.693
0.000

0.000
0.000

1.341 0.000
0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 5

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

INCHES

23.61

8.671

13.745

1.447091

2.2918

-0.253
Page 5

CU. FEET

694204.750

254949.250

404144.594

42548.805

-7437.649

PERCENT

100.00

36.73

58.22

6.13

-1.07
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0.000
0.005

1.267
1.857

30GCL.OUT
0.000 0.000
0.000 0.000

2.010 3.535
1.298 0.154

0.000
0.000

2.032
0.102

0.000
0.000

0.220
0.329

0.000
0.000

0.165
0.346

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH 0.0952 0.3191 0.0890 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.712 6.495 1.582 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 1.907 4.366 2.101 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 7

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

13.82

0.005

13.316

0.503310

0.8157

-0.004

4.515

4.511

0.000

0.000

0.0000

CU. FEET

406349.437

146.546

391534.687

14798.820

-130.657

132753.891

132623.234

0.000

0.000

0.047

PERCENT

100.00

0.04

96.35

3.64

-0.03

0.00

0.00

0.00
ft******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 8

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION 8.30 7.17 6.49 0.84 0.02 0.90
0.00 0.00 0.00 3.57 0.15 0.00

RUNOFF 2.897 3.512 3.061 0.000 0.000 0.000
0.000 0.000 0.000 0.145 0.000 0.000

EVAPOTRANSPIRATION 1.254 2.686 3.534 3.767 0.980 0.407
0.323 0.279 0.242 0.396 1.884 0.679

PERCOLATION/LEAKAGE THROUGH 0.3374 0.3595 0.3144 0.3761 0.0432 0.0000
LAYER 3 0.0001 0.0000 0.0000 0.0215 0.1455 0.0217

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 6.277 7.101 5.845 7.203 0.729 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.397 2.758 0.381

STD. DEVIATION OF DAILY 6.712 6.696 7.617 6.951 1.108 0.000
HEAD ON TOP OF LAYER 3 0.002 0.000 0.000 1.608 4.216 0.916

*******************************************************************************

*******************************************************************************
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ANNUAL TOTALS

30GCL.OUT

FOR YEAR 8

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

27

9

16

1

2

-0

4

4

0

0

0

.44

.615

.432

.619554

.5576

.226

.511

.284

.000

.000

.0000

CU. FEET

806818

282708

483144

47619

-6654

132623

125968

0

0

-0

.500

.406

.969

.754

.523

.234

.711

.000

.000

.074

PERCENT

100

35

59

5

-0

0

0

0

.00

.04

.88

.90

.82

.00

.00

.00
*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

JAN/JUL

0.79
0.00

0.000
0.000

0.702
0.000

FEB/AUG

2.37
0.00

0.018
0.000

1.865
0.000

MAR/SEP

8.31
0.00

1.481
0.000

3.557
0.000

APR/OCT

0.65
0.00

0.000
0.000

4.042
0.000

MAY/NOV

0.14
0.81

0.000
0.000

1.666
0.284

JUN/DEC

0.00
1.55

0.000
0.000

0.269
0.335

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.0073 0.0406 0.3603 0.0373 0.0200 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

0.101
0.000

0.265
0.000

0.790
0.000

1.403
0.000

6.685
0.000

6.999
0.000

0.684
0.000

1.631
0.000

0.340
0.000

0.809
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 9

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

INCHES

14.62

1.499

12.721

0.465631

0 . 7167

-0.065

4.284

4.219

0.000

0.000
page 8

CU. FEET

429871.969

44076.793

374022.687

13690.944

-1918.642

125968.711

124050.070

0.000

0.000

PERCENT

100.00

10.25

87.01

3.18

-0.45

0.00

0.00



30GCL.OUT

ANNUAL WATER BUDGET BALANCE 0.0000 0.195 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 10

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV DUN/DEC

PRECIPITATION 3.44 10.74 1.38 0.73 0.11 5.34
0.00 0.00 0.00 1.36 0.19 0.77

RUNOFF 0.026 6.799 0.023 0.000 0.000 1.269
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.670 2.158 3.417 3.293 0.899 1.960
0.729 0.434 0.332 0.311 0.317 0.361

PERCOLATION/LEAKAGE THROUGH 0.0000 0.6236 0.1927 0.0388 0.0000 0.0485
LAYER 3 0.0066 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 12.882 3.505 0.708 0.000 0.883
TOP OF LAYER 3 0.094 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.000 5.281 3.827 1.552 0.000 1.403
HEAD ON TOP OF LAYER 3 0.270 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 10

INCHES CU. FEET PERCENT

PRECIPITATION 24.06 707436.250 100.00

RUNOFF 8.117 238678.516 33.74

EVAPOTRANSPIRATION 14.882 437564.562 61.85

PERC./LEAKAGE THROUGH LAYER 3 0.910139 26760.809 3.78

AVG. HEAD ON TOP OF LAYER 3 1.5060

CHANGE IN WATER STORAGE 0.151 4432.199 0.63

SOIL WATER AT START OF YEAR 4.219 124050.070

SOIL WATER AT END OF YEAR 4.370 128482.266

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.181 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 11

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION 1.10 2.27 3.07 1.80 0.00 0.00
0.00 0.00 0.00 1.98 0.24 4.00

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.046

EVAPOTRANSPIRATION 1.326 2.138 3.952 2.600 0.115 0.000
0.000 0.000 0.000 0.303 0.295 1.058

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.4083
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30GCL.OUT

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 7.597

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 6.908

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 11

INCHES CU. FEET PERCENT

PRECIPITATION 14.46 425167.437 100.00

RUNOFF 0.046 1338.247 0.31

EVAPOTRANSPIRATION 11.788 346594.562 81.52

PERC./LEAKAGE THROUGH LAYER 3 0.408255 12003.931 2.82

AVG. HEAD ON TOP OF LAYER 3 0.6331

CHANGE IN WATER STORAGE 2.219 65230.676 15.34

SOIL WATER AT START OF YEAR 4.370 128482.266

SOIL WATER AT END OF YEAR 6.588 193712.937

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.041 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 12

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION 0.00 10.77 1.66 1.77 0.04 1.60
0.00 0.00 0.04 1.12 0.52 0.28

RUNOFF 0.000 4.529 0.006 0.000 0.000 0.013
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 1.403 2.224 3.451 4.340 1.547 0.352
0.342 0.289 0.274 0.330 0.861 0.722

PERCOLATION/LEAKAGE THROUGH 0.0395 0.3687 0.3292 0.1107 0.0008 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.702 7.275 6.077 2.057 0.012 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 1.717 6.584 4.929 2.636 0.065 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 12

INCHES CU. FEET PERCENT

PRECIPITATION 17.80 523373.469 100.00

RUNOFF 4.548 133736.937 25.55
Page 10



30GCL.OUT

16.136

0.848988

1.3436

-3.733

6.588

2.855

0.000

0.000

0.0000

474443.187

24962.793

-109769.633

193712.937

83943.312

0.000

0.000

0.186

90.65

4.77

-20.97

0.00

0.00

0.00

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 13

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRAN S PIRATION

12.96
0.00

5.396
0.000

1.318
0.000

0.54
0.00

0.000
0.000

2.128
0.000

1.55
0.12

0.000
0.000

3.834
0.118

0.27
1.32

0.000
0.000

2.139
0.267

0.13
0.03

0.000
0.000

0.213
0.243

0.00
0.12

0.000
0.000

0.060
0.307

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.2654 0.2102 0.2625 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

4.915
0.000

7.318
0.000

4.264
0.000
4.353
0.000

4.862
0.000
6.130
0.000

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 13

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC . /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

17.04

5.396

10.627

0.738206

1.1701

0.278

2.855

3.133

0.000

0.000

0.0000

CU. FEET

501027.156

158657.781

312478.281

21705.467

8185.549

83943.312

92128.859

0.000

0.000

0.095

PERCENT

100 . 00

31.67

62.37

4.33

1.63

0.00

0.00

0.00
*******************************************************************************

ft******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 14
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30GCL.OUT

JAN/3UL

PRECIPITATION

RUNOFF

EVAPOTRAN S PI RATION

5
0

0
0

1
0

.45

.00

.088

.000

.244

.703

FEB/AUG

8
0

3
0

2
0

.00

.00

.953

.000

.400

.000

MAR/SEP

3.
0.

0.
0.

3.
0.

71
00

141
000

724
000

APR/OCT

1.
0.

0.
0.

4.
0.

05
26

000
000

091
169

MAY/NOV

0
0

0
0

1
0

.00

.05

.000

.000

.681

.141

DUN/DEC

2.57
1.35

0.121
0.000

2.144
0.354

PERCOLATION/LEAKAGE THROUGH 0.4847 0.3187 0.3172 0.0124 0.0120 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 9.029 6.487 5.845 0.221 0.199 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 6.441 5.279 5.286 0.744 0.585 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 14

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

22.44

4.303

16.652

1.144950

1.8150

0.340

3.133

3.473

0.000

0.000

0.0000

CU . FEET

659803.437

126517.477

489619.750

33664.965

10000.972

92128.859

102129.836

0.000

0.000

0.273

PERCENT

100 . 00

19.18

74.21

5.10

1.52

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 15

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

3AN/3UL

9.67
0.00

2.948
0.000
1.104
1.455

FEB/AUG

1.18
0.00

0.000
0.000

1.967
0.045

MAR/SEP

4.93
0.00

1.027
0.000

3.225
0.000

APR/OCT

0.66
0.00
0.000
0.000

4.135
0.000

MAY/NOV

0.10
1.24

0.000
0.000
1.822
0.267

J UN/DEC

1.98
1.51

0.001
0.000
0.704
0.379

PERCOLATION/LEAKAGE THROUGH 0.4725 0.1623 0.3111 0.1209 0.0172 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 8.832 3.294 5.712 2.249 0.294 0.000
page 12



TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

0.000

8.418
0.000

30GCL.OUT
0.000 0.000 0.000 0.000 0.000

4.431
0.000

4.671
0.000

2.612
0.000

0.774
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 15

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

21.27

3.975

15.102

1.083926

1.6985

1.108

3.473

4.582

0.000

0.000

0.0000

CU. FEET

625401.750

116887.531

444052.437

31870.691

32591.309

102129.836
134721.141

0.000

0.000

-0.217

PERCENT

100.00

18.69

71.00

5.10

5.21

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 16

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

18.60
1.79

12.817
0.033

1.415
0.577

3.49
0.00

0.987
0.000

2.086
0.894

0.55
0.21

0.000
0.000

3.035
0.465

0.29
0.02

0.000
0.000

3.547
0.139

0.01
0.35

0.000
0.000

0.010
0.138

1.49
1.25

0.005
0.000

1.397
0.340

0.6446 0.4018 0.0658 0.0348 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 12.063 7.959 1.162 0.618 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 8.998 6.897 2.064 1.083 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 16

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

INCHES

28.05

13.842

14.043

1.146985

1.8169

-0.982
Page 13

CU. FEET

824754.375
407002.219

412893.656

33724.805

-28866.369

PERCENT

100 . 00

49.35

50.06

4.09

-3.50



SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE
*******************************************************************************

*******************************************************************************

30GCL.OUT

4.582

3.600

0.000

0.000

0.0000

134721.141

105854.773

0.000

0.000

0.126

0.00

0.00

0.00

MONTHLY TOTALS (IN INCHES) FOR YEAR 17

3AN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

13.89
0.00

2.74
0.00

6.97
0.00

0.31
0.00

0.18
0.46

0.00
0.97

7.534 0.261 3.112 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

1.263 1.974 3.225 3.840 1.297 0.375
0.319 0.277 0.240 0.185 0.135 0.252

0.3725 0.3950 0.2512 0.1621 0.0792 0.0489
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

6.937 8.125 4.661 3.052 1.366 0.856
0.000 0.000 0.000 0.000 0.000 0.000

8.023 6.746 6.918 3.817
0.000 0.000 0.000 0.000

1.440 1.259
0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 17

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

25.52

10.907

13.383

1.308959

2.0830

-0.079

3.600

3.521

0.000

0.000

0.0000

CU. FEET

750364.687

320709.750

393487.906

38487.324

-2320.369

105854.773

103534.398

0.000

0.000

0.070

PERCENT

100.00

42.74

52.44

5.13

-0.31

0.00

0.00

0.00
*******************************************************************************

ft******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 18

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION 3.17
0.00

7.22
0.00

1.91
0.00

1.24
0.14

0.04
0.40

0.20
0.11
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RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.051
0.000

1.614
0.000

30GCL.OUT
2.561 0.000
0.000 0.000

2.235 2.886
0.000 0.000

0.000
0.000

3.717
0.079

0.000
0.000

1.120
0.264

0.000
0.000

0.200
0.211

0.1160 0.1095 0.1815 0.0330 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

2.093
0.000

2.698
0.000

2.225
0.000

4.586
0.000

3.308
0.000

2.939
0.000

0.595
0.000

1.209
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 18

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

14.43

2.612

12.325
0.440036

0.6851
-0.947
3.521

2.575
0.000

0.000
0.0000

CU. FEET

424285.312

76790.242

362391.250
12938.390

-27834.613

103534.398

75699.789
0.000

0.000

0.075

PERCENT

100.00

18.10

85.41

3.05

-6.56

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 19

DAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

7
0

0
0

0
0

.24

.00

.658

.000

.937

.000

FEB/AUG

6
0

2
0

1
0

.04

.00

.800

.000

.911

.000

MAR/SEP

0
0

0
0

3
0

.02

.00

.000

.000

.123

.000

APR/OCT

0
0

0
0

3
0

.78

.74

.000

.000

.461

.222

MAY/NOV

0
1

0
0

0
0

.07

.02

.000

.000

.550

.385

JUN/DEC

0.00
0.81

0.000
0.000
0.001
0.361

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.2059 0.4661 0.1320 0.0003 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

3.805
0.000
4.846
0.000

9.578
0.000
6.762
0.000

2.397
0.000
4.176
0.000

0.004
0.000
0.022
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************
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ANNUAL TOTALS

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

30GCL.OUT

FOR YEAR 19

INCHES

16.72

3.459

10.951

0.804355

1.3154

1.505

2.575

4.080

0.000

0.000

0 . 0000

CU . FEET

491618.156

101703.711

322002.844

23650.453

44260.937

75699.789

119960.727

0.000

0.000

0.219

PERCENT

100 . 00

20.69

65.50

4.81

9.00

0.00

0.00

0.00

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 20

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

JAN/JUL

1.93
0.00

0.000
0.000

1.309
0.000

FEB/AUG

9.51
0.00

4.729
0.000

2.325
0.000

MAR/SEP

0.72
0.02

0.000
0.000

3.027
0.020

APR/OCT

0.49
0.00

0.000
0.000

2.530
0.000

MAY/NOV

0.21
0.66

0.000
0.000

0.211
0.062

JUN/DEC

1.90
0.37

0.049
0.000

1.851
0.300

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.0000 0.2293 0.0972 0.0035 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

0.000
0.000

0.000
0.000

4.542
0.000

6.702
0.000

1.724
0.000

2.059
0.000

0.053
0.000

0.212
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 20

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

INCHES

15.81

4.778

11.635

0.329989

0.5266

-0.933

4.080

3.146

0.000

CU. FEET

464861.500

140496.609

342108.125

9702.668

-27445.924

119960.727

92514.805
0.000

PERCENT

100.00

30.22

73.59

2.09

-5.90

0.00
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30GCL.OUT
SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.033 0.00

***ft********4**ft****ft***ft*ftft*****4*******ft********ft**ft*ft*****ft********ft******ft*

MONTHLY TOTALS (IN INCHES) FOR YEAR 21

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

JAN/JUL

5.08
0.00

0.057
0.000

0.670
0.308

FEB/AUG

5.42
0.00

3.056
0.000

1.821
0.271

MAR/SEP

3.11
0.11

0.068
0.000
3.434
0.247

APR/OCT

0.83
0.00

0.000
0.000

3.187
0.237

MAY/NOV

0.13
0.67

0.000
0.000

1.078
0.093

3 UN/DEC

0.32
2.09

0.000
0.000

0.414
0.591

PERCOLATION/LEAKAGE THROUGH 0.1507 0.2518 0.3332 0.0430 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 2.806 5.117 6.145 0.776 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 4.975 5.459 5.419 1.496 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*ft****ft*ft*ft**ftftft*********************ftft**************ft*ft*ft*************ft*******

ANNUAL TOTALS FOR YEAR 21

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

17.76

3.181

12.350
0.778764

1.2370

1.449

3.146

4.596

0.000

0.000
0.0000

CU. FEET

522197.312

93540.828

363138.781

22898.008

42619.465

92514.805

135134.266

0.000

0.000

0.244

PERCENT

100.00

17.91

69.54

4.38

8.16

0.00

0.00

0.00
*********** *********************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 22

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

JAN/JUL

2.32
0.00

0.013
0.000

1.924
0.519

FEB/AUG

2.08
0.00

0.000
0.000

2.304
0.220

MAR/SEP

7.12
0.06

1.483
0.000

3.424
0.039

APR/OCT

0.01
0.12

0.000
0.000

3.223
0.064

MAY/NOV

0.36
0.40

0.000
0.000

1.132
0.244

JUN/DEC

1.76
1.81

0.000
0.000

1.276
0.284

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.2484 0.0011 0.0000 0.0000
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30GCL.OUT
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.000 0.000 4.582 0.015 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.000 0.000 5.884 0.080 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 22

INCHES CU. FEET PERCENT

PRECIPITATION 16.04 471624.156 100.00

RUNOFF 1.496 43980.133 9.33

EVAPOTRANSPIRATION 14.653 430828.375 91.35

PERC./LEAKAGE THROUGH LAYER 3 0.249438 7334.229 1.56

AVG. HEAD ON TOP OF LAYER 3 0.3831

CHANGE IN WATER STORAGE -0.358 -10518.572 -2.23

SOIL WATER AT START OF YEAR 4.596 135134.266

SOIL WATER AT END OF YEAR 4.238 124615.695

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.029 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 23

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION 3.16 9.38 4.73 0.19 0.12 0.00
0.42 0.00 0.00 0.00 1.99 0.14

RUNOFF 0.000 4.838 2.068 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.914 2.245 3.953 3.686 1.055 0.000
0.230 0.190 0.000 0.000 0.304 0.278

PERCOLATION/LEAKAGE THROUGH 0.0054 0.3291 0.2350 0.0119 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.097 6.727 4.317 0.205 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.539 6.098 5.812 0.570 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 23

INCHES CU. FEET PERCENT

PRECIPITATION 20.13 591882.437 100.00
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RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 24

30GCL.OUT
6.905

12.855

0.581342

0.9455

-0.212

4.238

4.027

0.000

0.000

0.0000

203041.156

377968.875

17093.203

-6220.731

124615.695

118394.961

0.000

0.000

-0.039

34.30

63.86

2.89

-1.05

0.00

0.00

0.00

JAN/3UL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

7
0

1
0

0
0

.00

.00

.271

.000

.986

.729

FEB/AUG

2.
0.

0.
0.

2.
0.

17
00

133
000

083
434

MAR/SEP

3
0

0
0

3
0

.76

.00

.006

.000

.694

.332

APR/OCT

0
0
0
0
4
0

.09

.33

.000

.000

.184

.314

MAY/NOV

0
0

0
0

1
0

.16

.07

.000

.000

.416

.319

JUN/DEC

5.25
2.36

0.469
0.000

2.251
0.364

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.2206 0.3524 0.3464 0.0258 0.0000 0.0701
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

4.129
0.000

7.825
0.000

6.938
0.000

5.087
0.000

6.410
0.000
6.034
0.000

0.468
0.000

1.221
0.000

0.000
0.000

1.314
0.000

0.000 2.532
0.000 0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 24

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

21.19

1.878

17.107

1.015255

1.6050

1.190

4.027

5.216

0.000

0.000

0.0000

CU. FEET

623049.687

55230.820
502983.281

29851.557

34984.008

118394.961

153378.969

0.000

0.000

0.042

PERCENT

100.00

8.86

80.73

4.79

5.61

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************
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30GCL.OUT
MONTHLY TOTALS (IN INCHES) FOR YEAR 25

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

JAN/JUL

3.65
1.20

0.547
0.000

0.863
0.906

FEB/AUG

2.25
0.00

0.186
0.000

2.402
0.434

MAR/SEP

1.12
0.00

0.000
0.000

2.970
0.332

APR/OCT

0.63
0.01

0.000
0.000

2.976
0.309

MAY/NOV

0.06
1.09

0.000
0.000

0.038
0.344

DUN/DEC

3.39
1.48

0.503
0.000

1.870
0.404

PERCOLATION/LEAKAGE THROUGH 0.0760 0.3026 0.0425 0.0227 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 1.396 6.148 0.750 0.387 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 3.102 5.149 1.658 0.736 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

********************ft*******************************************************ft**

*******************************************************************************

ANNUAL TOTALS FOR YEAR 25

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

14.88

1.237

13.847

0.443842

0.7235

-0.648

5.216

4.569

0.000

0.000

0.0000

CU. FEET

437516.687

36370.020

407147.719

13050.276

-19051.260

153378.969

134327.719

0.000

0.000

-0.054

PERCENT

100.00

8.31

93.06

2.98

-4.35

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 26

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

3AN/3UL

10.35
0.00

4.005
0.000

1.614
0.000

FEB/AUG

4.23
0.00

2.222
0.000

2.357
0.000

MAR/SEP

3.20
0.00
1.557
0.000
3.634
0.000

APR/OCT

1.35
0.00

0.000
0.000

3.865
0.000

MAY/NOV

0.08
0.22

0.000
0.000

0.883
0.089

JUN/DEC

0.00
6.92

0.000
0.038

0.000
0.997

PERCOLATION/LEAKAGE THROUGH 0.4590 0.4907 0.2137 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.3545

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
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AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

8.564
0.000

8.069
0.000

30GCL.OUT
10.094 3.919
0.000 0.000

7.601
0.000

5.034
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
6.587

0.000
6.638

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 26

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

26.35

7.822

13.439

1.517892

2.4303

3.571

4.569

8.139

0.000

0.000

0.0000

CU. FEET

774769.187

229999.781
395152.437

44630.586

104986.211

134327.719

239313.922

0.000

0.000

0.242

PERCENT

100.00

29.69

51.00

5.76

13.55

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 27

JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

9.99
0.00

7.366
0.000

1.584
0.000

6.77
0.00

4.102
0.000

2.122
0.000

3.20
0.06

0.807
0.000

3.509
0.031

0.09
0.30

0.000
0.000

3.351
0.081

0.00
0.54

0.000
0.000

1.153
0.195

0.00
1.43

0.000
0.000

0.035
0.328

0.4750 0.5958 0.5195 0.0936 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

8.800 12.298
0.000 0.000

6.803 5.437
0.000 0.000

9.659
0.000

7.021
0.000

1.720
0.000

2.153
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 27

PRECIPITATION

RUNOFF

EVAPOTRAN S PI RATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

INCHES

22.38

12.274

12.389

1.683820

2.7065

CU. FEET

658039.125

360888.875

364282.594

49509.348

PERCENT

100.00

54.84

55.36

7.52
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CHANGE IN WATER STORAGE -3.967 -116641.766 -17.73

SOIL WATER AT START OF YEAR 8.139 239313.922

SOIL WATER AT END OF YEAR 4.172 122672.148

SNOW WATER AT START OF YEAR 0.000 0.000 0.00

SNOW WATER AT END OF YEAR 0.000 0.000 0.00

ANNUAL WATER BUDGET BALANCE 0.0000 0.119 0.00

*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 28

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH 0.0071 0.1838 0.1381 0.0000 0.0000 0.0000
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON 0.127 3.623 2.517 0.000 0.000 0.000
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATION OF DAILY 0.708 5.682 3.305 0.000 0.000 0.000
HEAD ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000

*******************************************************************************
*******************************************************************************

ANNUAL TOTALS FOR YEAR 28

3.74
0.53

0.000
0.000

0.577
0.175

2.10
0.00
0.262
0.000

2.166
0.211

1.50
0.00

0.000
0.000

2.864
0.144

0.00
0.23

0.000
0.000

2.836
0.135

0.26
0.02

0.000
0.000

0.071
0.115

0.00
1.07

0.000
0.000

0.189
0.086

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

INCHES

9.45

0.262

9.570

0.328936

0.5223

-0.711

4.172

3.462

0.000
0.000

CU. FEET

277858.344

7690.569
281387.937

9671.715

-20891.898

122672.148

101780.250

0.000
0.000

ANNUAL WATER BUDGET BALANCE 0.0000 0.052

PERCENT

100 . 00
2.77

101.27

3.48

-7.52

0.00
0.00

0.00

*********** ********************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 29

DAN/DUL FEB/AUG MAR/SEP APR/OCT MAY/NOV DUN/DEC

PRECIPITATION 6.72 6.05 3.06 0.87 0.00 0.00
0.00 0.00 0.18 0.23 0.55 0.78
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RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.056
0.000

1.247
0.000

4.206
0.000

1.962
0.000

0.522
0.000

3.610
0.145

0.000
0.000

3.759
0.061

0.000
0.000

1.287
0.212

0.000
0.000

0.000
0.238

0.3212 0.3694 0.2349 0.1102 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

5.944
0.000

6.160
0.000

7.561
0.000

7.131
0.000

4.308
0.000

4.853
0.000

2.075
0.000

3.095
0.000

0.000
0.000

0.000
0.000

0.000
0.000
0.000
0.000

*******************************************************************************

*******************************************************************************

ANNUAL TOTALS FOR YEAR 29

INCHES

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC.

AVG.

, /LEAKAGE THROUGH LAYER 3

HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL

SOIL

SNOW

SNOW

WATER AT

WATER AT

WATER AT

WATER AT

ANNUAL WATER

START OF YEAR

END OF YEAR

START OF YEAR

END OF YEAR

BUDGET BALANCE

18

4

12
1

1

0

3
3

0

0

0

.44

.783

.521

.035676

.6574

.100

.462

.561

.000

.000

.0000

CU. FEET

542191.

140641.

368159.

30451.

2938.

101780.

104718.

0.

0.

0.

375

312

719

973

307

250

562

000

000

067

PERCENT

100.
25.
67.

5.

0.

0.

0.

0.

00

94

90

62

54

00

00

00
*******************************************************************************

*******************************************************************************

MONTHLY TOTALS (IN INCHES) FOR YEAR 30

JAN/JUL

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

0.
0.

0.
0.

0.
0.

54
00

000
000

295
000

FEB/AUG

6.
0.
0.
0.
0.
0.

91
00
842
000

987
000

MAR/SEP

5.
0.

3.
0.

3.
0.

59
24

922
000

723
172

APR/OCT

0.
0.

0.
0.

4.
0.

83
00

000
000

013
068

MAY/NOV

01
0
0

0
0

.00

.07

.000

.000

.581

.424

J UN/DEC

0.00
1.49

0.000
0.000

0.000
0.404

PERCOLATION/LEAKAGE THROUGH
LAYER 3

0.0000 0.1005 0.4174 0.0730 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)

AVERAGE DAILY HEAD ON
TOP OF LAYER 3

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER 3

0.000
0.000

0.000
0.000

2.075
0.000

5.718
0.000

7.740
0.000

6.568
0.000

1.357
0.000

2.183
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

*******************************************************************************

page 23



30GCL.OUT
*******************************************************************************

ANNUAL TOTALS FOR YEAR 30

PRECIPITATION

RUNOFF

EVAPOTRANS PI RATION

PERC. /LEAKAGE THROUGH LAYER 3

AVG. HEAD ON TOP OF LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

INCHES

16.67

4.764

10.666

0.590904

0.9310

0.649

3.561

4.210

0.000

0.000

0.0000

CU. FEET

490148.094

140076.234

313627.094

17374.346

19070.488

104718.562

123789.047

0.000

0.000

-0.065

PERCENT

100.00

28.58

63.99

3.54

3.89

0.00

0.00

0.00
*******************************************************************************

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/OUL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

PERCOLATION/LEAKAGE

TOTALS

STD. DEVIATIONS

6.22
0.22

4.39
0.60

1.958
0.001

3.025
0.006

1.161
0.321

0.373
0.458

THROUGH LAYER

0.2050
0.0002

0.1883
0.0012

5.20
0.00

3.65
0.00

2.439
0.000

3.070
0.000

2.149
0.185

0.291
0.296

3

0.3021
0.0000

0.1633
0.0000

3.80
0.04

2.38
0.08

1.038
0.000

1.346
0.000

3.405
0.124

0.303
0.135

0.2753
0.0000

0.1676
0.0000

0.62
0.69

0.48
0.92

0.000
0.005

0.000
0.026

3.527
0.222

0.617
0.319

0.0521
0.0007

0.0771
0.0039

0.10
0.55

0.09
0.44

0.000
0.000

0.000
0.000

0.952
0.343

0.574
0.337

0.0077
0.0048

0.0177
0.0266

0.96
1.39

1.49
1.34

0.081
0.003

0.256
0.011

0.557
0.464

0.751
0.246

0.0056
0.0261

0.0173
0.0969

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 3

AVERAGES

STD. DEVIATIONS

3.8076 6.1290 5.0831 0.9685 0.1327 0.1018
0.0031 0.0000 0.0000 0.0132 0.0919 0.4855

3.5200
0.0172

3.3466
0.0000

3.1403
0.0000

1.4679
0.0724

0.3058
0.5035

0.3178
1.8021

*******************************************************************************

*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
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INCHES CU. FEET PERCENT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 3

AVERAGE HEAD ON TOP
OF LAYER 3

CHANGE IN WATER STORAGE

19.79 C 5.388)

5.525 C 4.4379)

13.412 ( 1.8606)

0.87975 ( 0.41353)

1.401 ( 0.661)

-0.029 ( 1.4552)

581807.0 100.00

162451.80 27.922

394345.66 67.779

25867.420 4.44605

-857.93 -0.147
*******************************************************************************

******************************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 30

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 3

AVERAGE HEAD ON TOP OF LAYER 3

SNOW WATER

(INCHES)

6.02

5.876

0.041199

24.000

0.00

(CU. FT.)

177006.062

172777.8440

1211.38330

0.0000

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3660

0.0970
******************************************************************************

******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 30

LAYER

1

2

3

SNOW WATER

(INCHES)

1.7866

2.2736

0.1500

0.000

(VOL/VOL)

0.1489

0.1895

0.7500

******************************************************************************
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F. RCRA SUBTITLED (CCR TITLE27) EQUIVALENT
_______ASPHALT AND CONCRETE COVER



CALCULATION PACKAGE FOR
INFILTRATION ANALYSIS THROUGH THE AC AND CONCRETE COVER

Objectives:

• Infiltration analysis and equivalence assessment of proposed AC cover and concrete cover
using Darcy'slaw.

• Compare infiltration through proposed AC cover, concrete cover and CCR Title 27 cover.

References:

See attachment

Assumptions:

• AC consists of high-density low-air void mix (98% maximum density and 2% air voids) with
Ks <1.0x 10'7cm/s.

• Concrete has a minimum depth of 4 inches and a Ks <5.0 x 10~9 cm/s.
• AC and concrete are free of cracks and ruts.
• Although AC and concrete are graded to drain, conservatively assume 6 inches of

standing water for infiltration analysis.

Approach:

• Flow through Title 27 cover was calculated assuming that the vegetative layer was fully
saturated, (i.e. 12- inch head on low-permeability layer)

• Two AC cover scenarios were considered (Figure F-l and F-2)
o New 4-inch thick high density AC on aggregate base.
o 2-inch thick high density AC overlay on existing pavement.

For the latter case the barrier layer properties of the existing pavement was not considered in
the analyses.
• Assume 4-inch thickness for the concrete cover

References:

Koerner, R.M., Daniel, E.G., "Technical Equivalency Assessment of GCLs to CCLs," Proceedings of
the 7th GRI Seminar.
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ATTACHMENTS



"v' Ny "v" 1-FOOT MINIMUM THICKNESS.
VEGETATIVE.EROSION RESISTANT LAYER

MINIMUM 1-FOOT THICK, LOW HYDRAUUC
CONDUCTIVITY <<i > 10-* CM/SEC ) SOIL LAYER

MINIMUM 1 FOOT THICK FOUNDATION LAYER
OF SOIL. CONTAMINATED SOIL OR OTHER
WASTE MATERIAL WITH APPROPRIATE
ENGINEERING PROPERTIES!"

-WASTE

CCR, Title 27(1)

Prescriptive Cap

- MINIMUM 4-FOOT THICK MONOLITHIC.
COMPACTED VEGETATED LAYER
SLOPED TO DRAIN
(COMPACTED TO MIN. 90% RELATIVE
COMPACTION; ASSUMED DEGRADATION
TO 85* RELATIVE COMPACTION)

MINIMUM 1-FOOT THICK. EXISTING SOIL
COVER/FOUNDATION LAYER™

Alternative 1 - Engineered Soil Covers
SLOPED TO DRAIN

2-FOOT MINIMUM THICKNESS.
VEGETATIVE EROSION RESISTANT
LAYER (SSX RELATIVE
COMPACTION)

CUSHION GEOTEXTHE. 16 OZ.
GEOSYNTHETC CLAY LAYER.
NEEDLE PUNCHED

MINIMUM 1-FOOT THICK. EXISTING
SOIL COVER/FOUNDATION LAYER Bl

MNCH THICK STRUCTURAL
ASPHALT PAVEMENT OVERLAY.!1!
(LOW AIR VOIDS ASPHALT)

EXISTING STRUCTURAL
ASPHALT PAVEMENT LAYER

EXISTING AGGREGATE BASE
COURSE LAYER

EXISTING SOIL COVER/FOUNDATION IAYEH

NEW ASPHALT
STRUCTURAL SECTION -^—— ——^- OVERLAY

Alternative 2 - Engineered Asphalt Cover

SLOPED TO DRAIN

EXISTING STRUCTURAL01

CONCRETE PAVEMENT

EXISTING AGGREGATE BASE
COURSE LAYER

EXISTING SOIL COVER/FOUNDATION LAYER

NEW CONCRETE
STRUCTURAL SECTION CRACK SEALING

Alternative 3 - Engineered Concrete Cover

Proposed WDI
CCR, Title 27
Equivalent Cap
Alternatives to be
Evaluated

NOT TO SCALE

NOTES:
(1) SUBTITLE D. « CFR PART 1S» REQUIRES A COVER WITH THE FOLLOWING COMPONENTS

FROM TOP TO BOTTOM'
* MINIMUM 6-INCH THICK EROSION LAYER
• MINIMUM IHNCH THICK INFILTRATION LAYER WITH A HYDRAULIC CONDUCTIVITY OF «l <10« cnVHC

(1 A LESSER THICKNESS MAY BE USED IF DIFFERENTIAL SETTLEMENT AND LAND USE WIU NOT AFFECT
STRUCTURAL INTEGRITY OF THE FINAL COVER.

(31 SCARIFIED AND RECOMPACTEO. UNSUITABLE SOIL TO BE REMOVED AND REPLACED
(«) ASPHALT OVERLAY HAS A LOW HYDRAULIC CONDUCTIVITY.
(5) REHABILITATED AS APPROPRIATE.

WORKING DRAFT

GEOTECHNICAL MODELS TO ASSESS
INFILTRATION THROUGH

RCRA SUBTITLE D COVERS

WASTE DISPOSAL, INC.
SANTA FE SPRINGS, CALIFORNIA

TUC FIGURE 10"F~\



-SEE NOTE 1

z
/////////sr/s///

ASPHALTIC CONCRETE (A.C.)' 4"

PREPARED SUBGRADE

NON-WOVEN
GEOTEXTILE
(SEE NOTE 2)

ASPHALT
BINDER

DETAIL
ENGINEERED

ASPHALT COVER
NOT TO SCALE

-SEE NOTE 1

XX/yyX/ASPHALTIC CONCRETE (A.C.

EXISTING PAVEMENT

PREPARED slBGRAD

DETAIL
ASPHALT PAVEMENT

OVERLAY SECTION
NOT TO SCALE

NOTES
1. A.C. MIX TO BE DESIGNED AS A HIGH-DENSITY, LOW AIR VOIDS MIX,

COMPACTED TO 98% THEORETICAL MAXIMUM DENSITY (2% AIR VOIDS
[MAXIMUM 4%]).

2. TERMINATE GEOTEXTILE WITHIN 6 INCHES OF FOUNDATION.



':.-• NEW CONCRETE PAVEMENT SLAB ..

BASECOURSE OR COMPACTED SEE NOTE(2)

EXISTING FOUNDATION LAYERS

+BURIED WASTE * * * -

DETAIL
ENGINEERED CONCRETE
PAVEMENT/SLAB COVER

NOT TO SCALE

-CRACK TREATMENT
SEE NOTE (7)

CONCRETE FLOOR SLAB/PAVEMENT, .:.. -

///SOB. COVER MATERIAL

Y/////////
WASTE

DETAIL

NOTES:

CONCRETE PAVEMENT / FLOOR SLAB
OVER BURIED WASTE

CRACK/JOINT SEALING DETAIL
NOT TO SCALE

7. OMCKS /WO JO/A/TS SHALL BE FILLED ACCORDING TO THE MANUFACTURER'S INSTRUCTIONS FOR THE
SPECIFIC PRODUCT. CRACKS ARE TO BE SEALED PRIOR TO INJECTION WITH CCS GROUT SEAL.
MANUFACTURED BY CHEMCO SYSTEMS, OR EQUIVALENT. CRACKS WIDER THAN 1/4-INCH SHALL BE INJECTED
WITH AN EPOXY PASTE ADHESIVE MEETING THE REQUIREMENTS OF ASTM C 881 TYPE 1 GRADE 3 (CCS
BONDER PASTE, LONG WORKING LIFE OR EQUIVALENT). CRACKS LESS THAN 1/4-INCH WIDE SHALL BE
INJECTED WITH A TWO-COMPONENT EPOXY PASTE ADHESIVE MEETING THE REQUIREMENTS OF ASTM C 881
TYPE IV GRADE 1 (CCS GROUT, SLUMP PUMPING OR EQUIVALENT). CONTROL JOINTS SHALL BE FILLED WITH
AN EPOXY MEETING THE REQUIREMENTS OF ASTM C 881 TYPE III GRADE 2 (CCS GROUT, CONTROL JOINT OR
EQUIVALENT).

2. TBD - TO BE DETERMINED



HYDRAULIC CONDUCTIVITY CHARACTERISTICS
OF ASPHALT AND CONCRETE

• Asphaltd)
Design Target: 1 x 10'7 cm/sec
Measured Performance = <9.1 x 1(H0 cm/sec, 6 x 10-11 cm/sec

• Concrete
- Literature Valued): 5x10-9 cm/sec (150 x 1O12 ft/sec)

O Asphalt Institute case studies; 2 percent maximum air voids, 95% compaction.

(2) Composition and properties of Concrete, 2nd Edition Traxell, Davis, and Kelly, Eds. 1993.

DRAFT, 12/4/02
Cuftomerfocviea Solutions
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Tacoma Asphalt Landfill Cap Is Tough and Impermeable
_________________By Edward D. Schlect, District Engineer, Asphalt Institute_________________
The City of Tacoma needed a cap on a three-acre portion of its 190-acre refuse landfill for use as a solid waste processing
station. The cap had to be structurally adequate, impermeable to water and environmentally acceptable.

The majority of the 190-acre landfill is being capped and closed over the next 24 years with drainage and protective layers.

After examining several options, the Tacoma Public Works Department decided that a hot-mix asphalt (HMA) cap was the
answer. It was designed to be impermeable to the intrusion of surface water as well as structurally adequate for the support
of refuse trucks.

Design

Consoer, Townsend & Associates, Inc. of Tacoma designed the cap and protective structure. The asphalt mix was designed
by the City of Tacoma in conjunction with the Asphalt Institute and Woodworth & Company, the paving contractor.

First, 12 inches of sand was placed on top of the refuse. One layer of high-density polyethylene membrane (HOPE) was
placed on the sand. Then another 12-inch layer of sand was placed over the liner to protect it and to serve as a working
platform. Finally, 8 inches of dense-graded aggregate were placed on the sand and topped with 3 inches of HMA.

tittiv//umm/ ncnhflltinvtitntp rvo/(»nvirrm/m:>o<:iimQ I him S/1 8/00



Asphalt Institute - Tacoma Asphalt Landfill Cap Is Tough and Impermeable Page 2 of 2

A Washington State DOT 5/8-inch maximum-size aggregate mixture was used for the 3-inch-thick HMA cap. A 75-blow
Marshall mix design using 6.5 percent asphalt cement provided stability of 2500, flow of 15, 0.7 percent air-voids and a.
maximum permeability qfj x 10"7cm/sec. A seal coat of emulsified asphalt was applied to the paved HMA surface.

A drainage system, designed to catch any moisture that might intrude the cap, was constructed between the membrane and
the HMA pavement. This provided the means to monitor the integrity of the cap.

Cross-Section of Paved Area of Refuse Landfill with Synthetic Cover

Click Above To View The Graphic

Exceeded Requirements

Both the EPA and the Washington State Department of Ecology criteria required a maximum permeability of 1 x 10'7

cm/sec. Six^oj^es from the completed pavement had permeability values of 9.1 x JO".10 cm /sec.orjess_under_a constant 5.5
foot head of water for a minimum of 24 hours.

Mary L. Henley, Project Engineer for the City of Tacoma, says that the landfill cap is working well. A key test, she says, was
the 100-year rainstorm that hit Tacoma in November 1990. "There was no leakage," said Henley. "No water was collected in
the monitoring system: "She added that there is little or no ponding on the surface of the HMA pavement.

Construction of the landfill cap was completed in June 1990 and opened for use in July.

This article appeared in the SUMMER, 1991, Vol. 5, No. 1, ASPHALT magazine

Back To Top

.asphaltinstitule.org/environ/magsuni91.him / 5/I8/
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ASPHALT INSTITUTE
Executive Offices and Research Center

Research Park Drive
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Asphalt Used for Environmental Caps in Texas
By Dr. Jean M. E. Audibert and Dr. Laurence R. Lew, Eriviroplex, Houston, Texas

The Approach HMA Design Environmental Standards

First time use of hot-mix asphalt (HMA) for environmental land caps has been recently approved by the Texas Water
Commission (TWC).

As part of a remedial action program developed with the Water Commission, PPG Industries, Inc. needed to cap five areas
around an active chemical plant in Beaumont, Texas. The caps were required to provide impermeable barriers to prevent
infiltration of rain water, which could cany contaminants into the groundwater.

Conventional capping techniques, such as requiring three feet of compacted clay, placed with minimum slopes of 5 percent
would have seriously impaired plant traffic and operations. The environmental consultants, together with PPG, proposed that
TWC use hot-mix asphalt to construct the required caps in a way which would not interfere with plant activities.

Back To Contents
r~

Back To Top

The Approach

htlrr//www asnhnltinctitntp nro/pnvirnn/mnou/infQ9-9 htm



Asphalt Institute - Asphalt Used for Environmental Caps in Texas Page 2 of 3

In each of the five areas, the contractor was required to remove the top two feet of topsoil and dispose of it at a hazardous
waste landfill. Clean backfill was placed in each area to create an appropriate subbase.

Four of the areas were relatively simple to cap because contamination levels in the shallow soils were low. In these areas the
subbase was constructed from clean, select fill which was proof-rolled and compacted before placing the HMA cap.

The fifth area was a 400-foot-long by 50-foot-wide strip along two railroad tracks that serviced the shipping and receiving area
of the plant. Environmental considerations called for an expedient approach to backfilling. A low-strength concrete was used
to create a subbase, then cement-stabilized sand was placed above the concrete to build the appropriate slopes. The HMA
cap was then placed on top of the stabilized sand.

Back. To Contents Back To Top

HMA Design

The consulting engineers asked Asphalt Institute Regional Engineer R. B. McGennis of Austin for guidance and suggestions
on the best design for a cap that would have the following qualities:

• very low permeability with a free-draining surface;
• sufficient strength to support light plant vehicle traffic;
• durability with low maintenance; and
• ease of construction.

In order to achieve these characteristics, McGennis suggested:

. dense-graded surface course (100 percent passing the 1/2-inch sieve) conforming to Texas Department of
Transportation master gradings:

• two percent maximum design air void content:
• minimum 95 percent in-place compaction; and
. measured permeability lower than 1 x 10"7 cm/sec.

x/Avww.asphaltinstitute.org/environ/magwint92-2.htm 5/| 8,
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Environmental Standards

To meet the strict environmental standards of the TWC, the environmental consultants implemented a rigorous quality
assurance/quality control program. They required temperature checks of each truck load and extraction and gradation tests at
specific intervals. In-place density and air voids were checked on a tightly spaced grid. A simple field indicator showing that
air voids approached zero was the tendency for the asphalt to bleed slightly at the surface at the termination of pneumatic
compaction.

Although hydraulic asphalt with 8 percent asphalt cement had been used for pond liners in the past with ERA approval the
design team needed special approval by TWC to use hot-mix asphalt for an impermeable cap. So they set up a special test
to gain TWC's final approval.

They used a flexible wall permeameter to measure the permeability of a specimen prepared to the asphalt mix specifications
proposed for the caps. The test lasted several weeks, and resulted in a permeability measurement of 6 x 10"11 cm/sec. This
value sigmficantly~e"xceeaeonhe""regulatory requirements for environmental caps and consequently won the TWC's approval.

Although the environmental cap was a first for the TWC, its use opens the door for a number of environmental and landfill
purposes.

Dr. Jean Audibert and Dr. Laurence Lew are owner-managers of Enviroplex in Houston, Texas. They also worked on the
development of the environmental cap in a previous affiliation with Woodward-Clyde Consultants. They would like to thank
PPG Industries, Inc. for its willingness to assume leadership in developing this innovative environmental technique.

This article appeared in the Winter 1991/92, Volume 5, No. 3, ASPHALT magazine.
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Asphalt Pavement Doubles as Hazardous Soils Cap and
Loading Area

By Roger Smith, Asphalt Institute Regional Engineer

DEEP.SO..!.kM.|X|NG TWO PHASE DESIGN THREE LAYERS, THREE
MIXES

It was a problem that could only be solved by asphalt. How do you construct a cap for a contaminated soil site that is both
impervious to water and tough enough to carry heavy truck loads? The cap's primary function is to prevent surface water
penetration from percolation and runoff.

Barney Vallerga, Consulting Civil Engineer of Oakland, California, and Geornatrix Consultants of San Francisco had the
answer. Vallerga believed a Full-Depth asphalt pavement of minimum overall thickness was the logical choice. The critical
question was how that asphalt could perform the dual function of waterproof cap and traffic bearing pavement.

The consultants were aware that an asphalt pavement designed to be waterproof may not have the strength to withstand
heavy wheel loadings.

hlttV//WWW
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DEEP SOIL MIXING

The Bay Road site, located in an industrial area of East Palo Alto, California, was found to have contaminated soil and
groundwater. After a study of the site was completed, it was determined soil remediation and capping were necessary.
Geomatrix had to determine whether the soil should be removed or remediated on-site. They decided to remediate the
spoiled earth on-site by deep-soil mixing.

"We found a Hazmat remediation firm that mixed the earth with silicates and portland cement to a depth of 26 feet," says
Michael Rafferty, Principal Engineer and environmental scientist for Geomatrix Consultants. This reduced the teachability of
the arsenic and raised the pH of the cement. The mixed earth then behaved much like a cement treated base.

There were other potential complications. "The site had a high water line and was close to the bay," says Vallerga. "Our
design had to ensure that no water would percolate through the soil to the underlying groundwater." At the same time, the
caps had to structurally sustain the weight of a number of 18 wheel trucks.

"We initially looked at using a high density polyethylene liner capped with several layers of sand and soil," says Raffeny. "But
a thorough cost evaluation revealed that asphalt was not only more economical but more effective than a soils cap." One
reason was that little or no soil had to be imported to the site.

Ba.pkXP,.Co.ntenits ia.c.K..TP Top.

TWO PHASE DESIGN

Vallerga and Geomatrix did a two phase design for the manufacturing facility. In the first phase they specified a 9-inch asphalt
cap over one portion of the remediated site. In the second phase, they specified a G-inch-thick cap for the back portion of the
site.

Both caps were waterproof and ensured that rain water or runoff would not leach through the caps to the remediated soil
beneath. Both caps were'designed to structurally sustain the weight of 18-wheel trucks and heavy forklifts used at the site.

A 9-inch-thick asphalt cap was used on Phase I of the site because the underlying soil had a lower support, or R value. R

ttv//u/u/w ncnhalfinsfitntp nro/cnvirnn/maou/intQfi hfm
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values on the Phase I site ranged from 19 to 86. R values on the second site, which required a lesser, 6-inch cap, were much
higher; having an average support value of about 75.

. ...... . . . , . . . . . . .

Back To Contents Back To Top

THREE LAYERS, THREE MIXES

After considering all factors, Vallerga and Geomatrix decided upon a three layer hot-mix asphalt pavement for the cap. They
specified a 3-inch-thick hydraulic mix for the bottom layer. The mix, designed with high asphalt content and low air voids, is
Jmpervious'lo water but has sufficient strength to serve as a base course without deforming under traffic loads. The hydraulic
mix was compacted to 98 percent theoretical maximum density (2 percent air voids). This type of mix will typically offer
permeability less than" 10-7"cm/sec(ASTM 2434).

The second or middle layer was a 3-inch-thick asphalt drainage layer that served as a drainage path for water entering the
pavement through the surface layer or from any other source. "Any water that came through the surface course was collected
by the open graded drainage course and drained from the site toward the bay," says Vallerga.

This layer also prevented hydrostatic pressures developing on the bottom layer of hydraulic asphalt. It had no density
requirement.

"An anti-strip additive in the open graded mix ensured that stripping did not occur," says Frank Szerdy, Principal Engineer for
Geomatrix. "The anti-strip promotes a superior bond between the aggregate and the asphalt and made the mix virtually
hydrophobic." The drainage layer mix was also highly resistant to deformation under traffic loads.

The top or surface layer was a conventional 3-inch-thick dense-graded asphalt used for heavy-duty highways and industrial
pavements. It sustains light vehicular traffic with a moderate number of two axle and three axle trucks, as well as some fully
loaded five axle trucks. Forklift vehicles with 100 psi tire pressures travel the surface daily without scarring or deforming the
pavement. The dense-graded surface mix was compacted to 92 percent theoretical mixirruim density (8 percent air voids).

The site was a originally a wetland and was therefore regulated by the U.S. Environmental Protection Agency. Because i! was
a Superfund project, however; standard EPA permits were waived. Construction of the cap for Phase I began in late 1992
and was completed early in 1993. "Performance of both the drainage and loading aspects of the pavement cap have been
excellent," says Szerdy. "So far; there is no visible deformation and no visible wear arid tear on the surface."

Asphalt capping systems can prove very economical because cover soil doer, not have to be imported and simple asphalt

httD://www.asDhaliins(iliite.ori2/envii'on/ma2wint96.him VIS/DO
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paving techniques minimize construction time. Additionally, the paved surface gives a second life to the site.

This article appeared in the Winter 1995-96, Volume 9, No. 3, ASPHALT magazine.

Page 4 of 4
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Shear Strength

Property MatCon Conventional Asphalt
Vertical Permeability
(cm/sec)

< 1.0x10-8 5.4x10-5

Tensile Strength
(% strain at failure)

2.4 1.38

Flexural Properties
(mm deflection)

0.15 at the edges
17.51 at the center
No cracking

1.08 at the edge
25.92 at the center
3.5 mm-wide crack

Void Space
/o)

2.0 10.5

Density (Ibs/ft 3) 149 144.2

Shear Strength
(kilo Pascals)

4.17 1.9
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200

0.5 0.6 0.7
Woter-cemenf rofio, by weight

Rg. 11.2. Effect of water-cement ratio Upon permeability.
Ruettgera, Vidal, and Wing [1103].)

0.8

(From

11.6 Effect of aggregates. As shown in Fig. 11.2, the greater the maximum
size of aggregate for a given water-cement ratio, the greater the flow, prob-
ably because of the relatively large water voids developed on the underside
of the coarser aggregate particles. Aggregates should be sound and of
low porosity. A well-graded aggregate is even more important from the
standpoint of watertightness than it is from the standpoint of strength,
as dense concrete is essential. Sufficient fines.must be used, but the mix
should not be oversanded.

11.7 Effect of curing. It has been stated that continued hydration of the
cement results in gel development which reduces the size of the voids and
increases the watertightness of the concrete. Figure 11.3 shows the very
great Increase in watertightness with curing, the change being even greater
than the increase in strength with curing.

11.8 Effect of admixtures and coatings. Various materials are sold for
use as admixtures to improve the watertightness of concrete, and some
"waterproof" cements are sold for the same purpose. Results of tests
on lean-mass concretes containing pozzolans indicate increased resistance
to the flow of water when these finely ground materials are used [106]. Al-
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law for viscous flow

where Q ~ rate of flow, cu ft/sec
A — area of cross section under pressure, sq ft

— = ratio of head of fluid to percolation lengthLi
Kc = permeability coefficient for concrete

11.4- Factors affecting watertightness. As shown in Fig. 11.1, the several
factors affecting the permeability of concrete fall into three groups:

1. The influence of the constituent materials
2. The effect of methods of preparing the concrete
3. The influence of subsequent treatment of the concrete

In general, other things being equal and for normal concrete, any factor
tending to improve the compressive strength of the concrete will have a
beneficial effect upon the watertightness. Therefore, the better the quality
of the constituent materials, the less permeable the concrete.

11.5 Effect of water and cement. The water-cement ratio and the consis-
tency of concrete are so interrelated that their effects must be considered
together. For plastic workable mixes the permeability increases with the
water-cement ratio as shown in Fig. 11.2. A water-cement ratio of not
more than about 6 gal of water per sack of cement has been recommended
for use in thin sections, and one of not more than 7 gal per sack for more
massive structures [100]. As dry mixes do not consolidate very readily,
more water is required for minimum permeability than for maximum
strength. For hand-rodded concrete the permeability increases when the
water is reduced below that which will produce a slump of about 2 to 3 in.
[1101].

Permeability decreases as the cement-voids ratio Increases, and this
relationship appears to be more definite than that between permeability
and water-cement ratio [1101].

With well-cured concrete and the optimum quantity of mixing water,
an increase of cement content above that in a 1:2:4 mix does not materially
affect permeability. However, very wet consistencies require a richer mix
and tend to produce water gain under the aggregate particles, which in-
creases the permeability.

Greater fineness of the cement improves watertightness in the same
way that it improves strength and durability of the concrete.
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Minor Loss Coefficients, Hazen-Williams Coefficients, and
Surface Roughness

Quick links to tables on this page:
Minor Loss Coefficients Hazen-Williams Coefficients Surface Roughness

Values compiled from the references listed under Discussion and References for Closed
Conduit Flow

To LMNO Engineering Home Page and Interactive Calculations

Table of Minor Loss Coefficients (K has no units)

Fitting K IJFitting ||K |
Valves: \\ \\Elbows: \\
Globe, fully open |10 (Regular 90°, flanged 0.3
Angle, fully open ||2 [[Regular 90°, threaded ]|l.5
[Gate, fully open Jp.15
Gate 1/4 closed ||p.26
Gate, 1/2 closed
Gate, 3/4 closed

2.1
17

(Long radius 90°, flanged
(Long radius 90°, threaded
[Long radius 45°, threaded

0.2
0.7
0.2

(Regular 45°, threaded ^\\QA
[Swing check, forward flow ||2 || ||
Swing check, backward flow

180° return bends:

infinity \rr II\Tees: \\
IJLine flow, flanged

Flanged ||0.2
Threaded 1.5

[Line flow, threaded
0.2
0.9

Branch flow, flanged || 1 .0
[Branch flow, threaded 2.0

—^> Table of Hazen-Williams Coefficients (C has no units) To top of page

Material
[Asbestos Cement
Brass
Brick sewer

Cast-iron:
New, unlined
lOyr. old
20 yr. old

C Material c I
140 [[Copper |[l30-140
130-1 40 [[Galvanized iron
100 JJGlass

[[Lead
130 [[Plastic
107-113
89-100

| Steel:
[Coal-tar enamel lined

[120
140 J
130-140 |
[140-150 J

1
|145-150

II II 1

http://www.lmnoeng.com/surface.htm 3/21/2003
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30 yr. old ||?5-90 Newunlined . || 140- 150 |
|40 yr. old ||64-83 ||Riveted

Concrete/ Concrete-lined:
| Steel forms
|Wooden forms

II
140
120

Tin

110
[
|130

Vitrif. clay (good condition) || 1 1 0- 1 40
Centrifugally spun ||l35 ||Wood stave (avg. condition) [120 |

Table of Surface Roughnesses To top of page

Material || Surface Roughness, e
|
JPVC, plastic, glass
[Commercial Steel or Wrought Iron

[feet
0.0
1.5e-4

Galvanized Iron |p.Oe-4
Cast Iron |J8^5e-4
Asphalted Cast Iron
Riveted Steel

4.0e-4
0.003 to 0.03

meters
0.0
4.5e-5
1.5e-4
2.6e-4
1.2e-4
9.0e-4 to 9.0e-3

[Drawn Tubing |[5X)e-6 |[l.5e-6
[Wood Stave
[Concrete

6.0e-4 to 3.0e-3
0.001 to 0.01

1.8e-4to9.0e-4
3.0e-4 to 3.0e-3

http://www.lmnoeng.com/surface.htm 3/21/2003
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Fill data

Positive values indicate concentrations above reporting limits
0 = non-detected above reporting limits
Blue highlighted values indicate concentrations above the 1993 ROD Cleanup standards
Blank Cells indicated that analysis for the specific constituent was not performed.

Sample No.
SB-016-001
SB-016-003
SB-016-005
SB-016406
SB-017-001
SB-018-001
SB-018-002
SB-019-002
SB-020-001
SB-026-001
SB-027-001
SB-027-003
SB-027-004
SB-028-001
SB-029-001
SB-033402
SB-036-001
SB-037-002
SB-038-001
SB-038-004
SB-038-005
SB-039-005
SB-041-001
SB-041-005
SB-046-001
SB-047-004
SB-048-001
SB-048-002
SB-048-005
SB-051-001
SB-053-005
SB-054-002
SB-055401
SB-055402
SB455404
SB455405
SB-058402
SB-058405
SB459402
SB-062-001
SB463401
SB-064401
SB-064404
SB-066-002
SB467401
SB467404
SB-068-001
SB469401
SB469405
SB472401
SB473401
SB473402
SB475402
SB475406
SB477402
SB479-001
SB-083-004
SB484402
SB-088-003
SB490401

D«pth (feel)
0
0
5
5
0
0
0
0
0
5
0
0
0
0
5
5
0
0
0
5
5
5
0
5
0
0
0
0
5
0
5
5
0
0
5
5
0
5
0
0
0
0
0
5
0
0
0
0
5
0
5
5
0
5
5
0
5
5
5
0

Parameter and concentration {mg/kg)
Arsenic

0
:,.•«&&*,

i.10«-.-
»T10.6----

0
0

6.9
9.5
0

,_ 0
0

7.6
0
0
0

«3Sttft--
0

;̂ ':*t.3 :̂v
0
0

gsjBSsH.'-

0
3.67

0
0
0
0
0
0

5.28
4.98
4.1
8.6
0

9.4
5.87
9.12

•amxm;
0
0
0
0

4.61
0

9.5
0
0™.fjaj»v
0
0

"^"'It ':^;.
5.31
5.66
4.87

0
6.1
4.2
0
0

Beryllium
0

•>?'M>.»"
0.19
0.19

0
0

-0.67.":
>",**"•"-

0
0
0

3:n^B: ••'
0
0
0

0.19
0

s*6,e*™
0
0

0.21
0.18

0
0.24

0
0
0
0
0
0

0.15
0.30

saattsr
«K8tB:

0
mm*:

0.15
0.22
0.31

0
0
0
0

0.21
0

msm
0
0

0.18
0
0

0.22
0.21
0.25
0.36

0
&-!»''
"'¥1.20'"

0
0

Cadmium
0
1

1.15
1.15

0
0

1.1
1.3
0
0
0
0
0
0
0

0.61
0
0
0
0

2.05
3.21

0
1.24

0
0
0
0
0
0

0.57
0.39
0.86
1.3
0

2.1
0.69
18.2
0.84

0
0
0
0

0.77
0

2.2
0
0

0.77
0
0

1.19
0.89
1.84
1.87
0
0

1.7
0
0

Chromium
0.0

28.3
34.6
34.6

0
0

21.4
23.7

0
0
0

26.0
0
0
0

22.3
0

25.8
0
0

:A!«32*..
32.6

0
18.4

0
0
0
0
0
0

33.9
27.2
23.7
20.9

0
34.2
13.0

34.4
0
0
0
0

24.4
0

25.5
0
0

40.8
0
0

W*Mir" •
22.3
38.1
38.1

0
20.8
27.0

0
0

Lead
0

85.4
398
398
0
0

10.6
98
0
0
0
21
0
0
0

75.6
0

19.5
0
0

394
»=-2790-:

0
13.8
0
0
0
0
0
0

4.78
5.92
5.4

33.3
0

110
80.1

;SH«»̂ :
122
0
0
0
0

27.3
0

52.8
0
0

10.9
0
0

59.6
48.4
13.1
19.1
0

11.9
6.6
0
0

Thallium
0

10.9
0
0
0
0
0
0
0
0
0
0
0
0
0

:..'20'"'-
0
0
0
0

11.6
11.3

0
::?::13'3s?

0
0
0
0
0
0

'i • 20.lv/.
mm™

0
0
0
0

:̂ :12.T*:'
-«-.-!Ĵ .»'

'•f-'IW---:
0
0
0
0

16.7
0
0
0
0

10.1
0
0

27.7
16.7
20.2
22.8

0
0
0
0
0

Benzene
0
0
0
0
0
0
0
0
0

1.4
0
0
0
0
0
0
0
0
0

0.85
0
0
0
0
0

0.26
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

DieWrin
0
0
0
0

0.026
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

0.0078
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

DOT
0
0
0
0
0

0.017
0
0

0.012
0
0
0
0
0
0
0

0.16
0

0.018
0
0
0
0
0
0
0

0.072
0
0
0
0
0
0
0

0.066
0
0
0
0

0.022
0
0
0
0

0.16
0

0.0065
0
0

0.036
0
0
0
0
0
0
0
0
0
0

ODD
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.06
0
0

0.0098
0.0025

0
0
0
0
0
0
0
0
0
0
0

0.0091
0.023

0
0
0
0
0
0
0

0.036
0
0
0
0
0
0
0
0
0
0

DDE
0.015

0
0
0
0
0
0
0
0
0

0.023
0

0.028
0
0
0

0.11
0
0
0
0
0
0
0
0
0

0.0063
0
0
0
0
0
0
0
0
0
0
0
0
0

0.0073
0

0.0084
0

0.073
0
0
0
0

0.013
0
0
0
0
0
0
0
0
0
0

Benzjalanthracene
0
0
0
0
0
0
0
0
0
0
0
0
0

0.18
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.076
0
0
0
0

:::?:r::?iio<«i:;r'-:-: •
0
0
0
0
0
0
0
0
0
0
0
0

0.042

Benzofblfluoranthene
0
0
0
0
0
0
0
0
0
0
0
0
0

v/^. .̂OJM^PS^?
0.17

0
0
0
0
0
0
0
0
0
0

>-::'..;.:;;-;04lSS:mi»
0
0
0

0.045
0
0
0
0
0
0
0
0
0
0
0

0.13
0
0
0
0

' ' -:.. :y 0.37? *r-. 'J.
0
0
0
0
0
0
0
0
0
0
0
0

0.085

BenzoMfluoranthene
0
0
0
0

0.12
0
0
0
0
0
0
0
0
0

0.091
0
0
0
0
0
0
0
0
0
0

iJ.lS'.'./'.'.SKM .̂SB^S.
0
0
0

0.048
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.085

Benzolalpyrene
0
0
0
0
0
0
0
0
0
0
0
0
0

0.21
0.11

0
0
0
0
0
0
0
0
0
0

0= -0,28, :

0
0
0

0.055
0
0
0
0
0
0
0
0
0
0
0

0.13
0
0
0
0

/,-:.;:,. 0,37 ' '"

0
0
0

•.,:-~'.OM'---':'-
0
0
0
0
0
0
0
0

0.066

Chrysene
0
0

0.5
0
0
0
0
0
0
0
0
0
0

0.2
0.097

0
0
0
0

0.17
0
0
0
0
0

0.49
0
0
0

0.036
0
0
0
0
0
0
0
0
0
0
0

0.17
0
0
0
0

0.63
0
0
0

0.62
0
0
0
0
0
0
0

0.28
0.092
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Fill data

Positive values indicate concentratic
0 = non-detected above reporting lir
Blue highlighted values indicate con
Blank Cells Indicated that analysis fi

Sample No.
SB-016-001
SB-016-003
SB-016-005
SB-016-006
SB-017-001
SB-018-001
SB-018-002
SB-019-002
SB-020-001
SB-026-001
SB-027-001
SB-027-003
SB-027-004
SB-028-001
SB-029-001
SB-033-002
SB-036-001
SB-037-002
SB-038-001
SB-038-004
SB-038-005
SB-039-005
SB-041-001
SB-041-005
SB-046-001
SB-047-004
SB-048-001
SB-048-002
SB-048-005
SB-051-001
SB-053-005
SB-054-002
SB-055-001
SB-055-002
SB-055-004
SB-055-005
SB-058-002
SB-058-005
SB-059-002
SB-062-001
SB-063-001
SB-064-001
SB-064-004
SB-066-002
SB-067-001
SB-067-004
SB-068-001
SB-069-001
SB-069^>05
SB-072-001
SB-073-001
SB-073-002
SB-075-002
SB-075-006
SB-077-002
SB-079-001
SB-083-004
SB-084-002
SB-088-003
SB-090-001

Depth (feet)
0
0
5
5
0
0
0
0
0
5
0
0
0
0
5
5
0
0
0
5
5
5
0
5
0
0
0
0
5
0
5
5
0
0
5
5
0
5
0
0
0
0
0
5
0
0
0
0
5
0
5
5
0
5
5
0
5
5
5
0

Dibenzla.hlanthracene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Indeno [1.2.3-cdl pvrene
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.074
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1016
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1221
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1232
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1242
0
0

0.08
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1248
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

- ' • • 1.7 :-
0
0
0
0

Aroclor 1254
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1260
0
0

0.13
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

•i? 0.38
0
0
0
0
0

0.1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Fill data

Positive values indicate concentrations above reporting limits
0 - non-detected above reporting limits
Blue highlighted values indicate concentrations above the 1993 ROD Cleanup standards
Blank Cells indicated that analysis for the specific constituent was not performed.

Sample No.
SB-090-004
SB-090-005
SB-096-001
SB-098-001
SB-103-002
SB-103-007
SB-107-001
HPB-7-01-05
HPB-7-02-05
HPB-7-03-05
HPB-7-04-05
HPB-7-05-05
HPB-7-06-05
HPB-7-07-05
HPB-7-09-05
HPB-7-10-05
HPB-7-11-05
HPB-7-12-05
HPB-4-13-05
HPB-4-14-05
HPB-4-15-05
HPB-4-16-05
HPB-4-17-05
HPB-4-18-05
HPB-4-19-05
HPB-4-20-05
HPB-4-21-05
HPB-4-22-05
HPB-4-23-05
HPB-4-24-02
HPB-4-24-05
HPB-4-25-05
HPB-4-26-05
HPB-4-27-05
HPB-4-28-05
HPB-4-29-05
HAB-4 -05-05
TS-1 27-3.4
TS-128-3.6
TS-129-3.8
TS-1 30-4.1
TS-131-2.6
TS-132-3.1
TS-133-4.8
TS-1 34-3.8
TS-135-2.4
TS-136-2.6
TS-1 37-3. 15
TS-1 38-3.9
TS-1 39-2.8
TS-140-3.3
TS-141-3
TS-142-5
DP-2-5

DP-22-3
DP-27-3
IDP-3-5
IDP-6-5

Depth (feet)
5
5
0
0
0
5
0
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
2
5
5
5
5
5
5
5

3.4-4.8
3.6-4.8
3.6-3.8
3.8-4.1
2.6-3.0
2.9-3.1
3.8-1.8
2.8-3.8
2.4-3.6
2.6-3.3
3.15-4
2.9-3.9
2.8-3.9
3.3-4
2-3
4-5
5
3
3
5
5

Parameter and concentration (mq/kq)
Arsenic

0
4.4
0
0

6.3
0

7.4

5.7

8.6
5

1.9
6.9

fsmg-
5.2

•SifflKr"
4.9
1.8
5
3

3.8
0.55
3.9

,i=-.Ws#.
2.9
3.5
2.8
5.5
0

3.8
8

Beryllium
0

0.23
0
0

0.25
**/«;•.

0
0.11
0.22

•^a-ww-
•SHfcS*

0.11
•tfftttr:*.

0.23
aw**:

0.39
0.3

0.28
0.12
0.21
0.2

0.28
0.32
0.14
0.38
0.39

•*-&M'~.:
0.37
0.28

StSS:™
0.29
0.32
0.37
0.32

•s.ft4t'v;.
=« $3f »

0.16
?;«S2S:
;*ifc43«

0.25
•:m$$»..
iSS«s6**E
'550,48 ;»
*«»*•'••'.•

0.22
0.38
0.34
0.33

'iKfett'S::
0.36

wRJMSSi
0.15
0.18

0
0
0
0

-sews

Cadmium
0

1.64
0
0

1.03
0
0

5.1

0.7
1.1
1.7
10
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.65

Chromium
0

•. ' • S5.8f~
0
0

27.1
39.0
0

16

16
26
27
42

WPS1«»:
24

!i-E::6**?-
14
13
15
13
24
25
15
25
4.6
5.1
22
22
23
20
28

Lead
0

24.9
0
0

174
495
0

93

41
1700
300

""j-rttOO:"'';.'
460
10

v*:'"850 •:

100
41
62
31
60
14
15
160
30
92
5.1
15
5.5
3.8
10

Thallium
0

13.1
0
0

-:iS-i~
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

• • 12 • • ' •
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Benzene
0
0
0
0
0
0
0

0

0
0
0
0
0

0.804

0
0
0
0
0
0

0
0
0
0
0

0.015
0
0

Diektrin
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

DOT
0
0
0
0
0
0

0.07

0
0
0
0
0

0.023
0
0
0

0
0.37

0
0.32

0
0
0

ODD
0
0
0
0
0
0
0

0.0045
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

DDE
0
0
0
0
0
0
0

0.082
0
0

0.0026
0
0
0

0.0051
0

0
0.1
0

0.15
0
0
0

Benzfalanthracene
0
0

0.13
0.092

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0

8enzo[b]fluoranthene
0
0

0.18
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0

Benzofklfluoranthene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0

Benzolalpyrene
•:i-:i : 0,98

0
0.18
0.2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0

Chrvsene
:•• : - . !OJ.̂

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0

Mean 6.19 0.27 0.79 17.84 143.42 2.58 0.04 0.00 0.02 0.00 0.01 0.01 0.02 0.01 0.03 0.04
Standard Deviation 13.21 0.30 2.27 21.67 422.01 6.20 0.19 0.00 0.06 0.01 0.03 0.05 0.07 0.04 0.12 0.12
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Fill data

Positive values Indicate concentratic
0 = non-detected above reporting lir
Blue highlighted values indicate con
Blank Cells indicated that analysis fi

Sample No.
SB-090-004
SB-090-005
SB-096-001
SB-098-001
SB-103-002
SB-103-007
SB-107-001
HPB-7-01-05
HPB-7-02-05
HPB-7-03-05
HPB-7-04-05
HPB-7-05-05
HPB-7-06-05
HPB-7-07-05
HPB-7-09-05
HPB-7-10-05
HPB-7-11-05
HPB-7-12-05
HPB-4-13-05
HPB-4-14-05
HPB-4-15-05
HPB-4-16-05
HPB-4-17-05
HPB t̂-18-05
HPB-4-19-05
HPB-4-20-05
HPB-4-21-05
HPB-4-22-05
HPB-4-23-05
HPB-(-24-02
HPB-4-24-05
HPB-4-25-05
HPB-4-26-05
HPB-4-27-05
HPB-4-2B-05
HPB-4-29-05
HAB-4-05-05
TS-127-3.4
TS-128-3.6
TS-1 29-3.8
TS-130-4.1
TS-131-2.6
TS-1 32-3.1
TS-1 33-4.8
TS-1 34-3.8
TS-135-2.4
TS-136-2.6
TS-1 37-3.1 5
TS-138-3.9
TS-1 39-2.8
TS-1 40-3.3
TS-141-3
TS-1 42-5
DP-2-5
DP-22-3
DP-27-3
IDP-3-5
I DP-6-5

Deem (feet)
5
5
0
0
0
5
0
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
2
5
5
5
5
5
5
5

3.4-4.8
3.6-4.8
3.6-3.8
3.8-4.1
2.6-3.0
2.9-3.1
3.8-4.8
2.8-3.8
2.4-3.6
2.6-3.3
3.15-4
2.9-3.9
2.8-3.9
3.3-4
2-3
4-5
5
3
3
5
5

Dibenzla.hlanthracene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0

Indeno [1,2.3-cd] pyrene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0

Aroclor 1016
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

Aroclor 1221
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

Aroclor 1232
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0

0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

Aroclor 1242
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

Aroclor 1248
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

Aroclor 1254
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

• ' . . 1 . 8 • • • ' • •
0
0
0
0
0
0

0
0
0
0
0
0
0

Aroclor 1260
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0

Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.01
Standard Deviation 0.00 0.01 0.00 0.00 0.00 0.01 0.17 0.18 0.04
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Positive values indicate concentrations above reporting limits
0 = non-detected above reporting limits (reporting limits unknown)
Blue highlighted values Indicate concentrations above the 1993 ROD Cleanup standards
Blank Cells indicated that analysis for the specific constituent was not performed.

Waste data

Sample No.
SB-033-006
SB-033-010
SB-017-007
SB-017-004
SB-017-006
SB-018-011
SB-019-011
SB-084-005
SB-104-005
SB-083-010
SB-083-013
SB-084-009
SB-083-016
SB-083-002
SB-083419
SB-040-004
SB440-008
SB-040-010
SB-038-007
SB-038-008
SB-038-016
SB-039-010
SB-039-011
SB-041-008
SB-029-004
SB-029-007
SB-041-010
SB-029-011
SB-041-013
SB-047-005H
SB-047-006
SB-047-007
SB-047-008

SB-047-009H
SB-048011
SB-048412
SB-048-013
SB-049-011
SB-049-012

SB-049-014H
SB-053-015
SB-054-006
SB454-009
SB-057-005
SB457407
SB-057-009
S8-057-013
SB-058-008
SB-058-012
SB-059-009
SB-059-016
SB-069-009
SB-068413
SB-068-013
SB-103-009
SB-103-012
SB-107-005
SB-107-006
SB-107-008
SB-108406
SB-108407
SB-108410
SB-055-008
SB-066404
SB-066405
SB-066-007
SB-066410
SB467-015
SB-066-013
SB467418
SB467402
HPB-74148
HPB-741-15
HPB-74548
HPB-7-05-10
HPB-7-05-13
HPB-7-07-09

Depth (feet)
10
15
15
10
15
15
10
10
10
15
20
20
35
40
40
10
15
15
10
10
18
15
15
15
10
15
20
25
25
10
10
15
15
15
15
15
15
15
15
15
20
10
20
15
20
25
25
15
20
10
20
10

25
10
15
15
15
20
10
15
18
10
20
20
25
30
30
35
35
40
8
15
8
10
13
9

Parameter and concentration (me
Arsenic

6.7
17.4
10

0
0

6.22
3.52
34
3.3

653
5.8
24

•?:::K2:'*
:'i'1S,1 =

353
0

4.07
0
0

•_,j»«:,:
0
0

:,oZ3.6.fe

6.16
0
0
0
0
0

695
0

mmam
0

9.94
0
0

safijBs
0

9.66
•amym

8.88
5.1
75

~>33f*"^
8.3
0

•a;.l«Jb..
0
0

5.63
9.95
962

0
6.33
0

479
0
0
0
0
0
0

•:,:;'12,8y..
7.36
3.21
1.5
1.1

291
5.9

-/•'•ae:.;.;
v:iSJS,8-:

3.1
•*=13««

5.6
22
9.8

Beryllium
0.19
018
0.23

0
0

026
0.17
0.23

j'-o.er,.:
0.17

i/wi Î Q • '-

«•!.«--
0.20

fM.10*'
020

0
0.20

0
0

0.2
0
0

0.23
0.27

0
0
0
0
0

022
0

0.36
0

0.32
0
0

0.32
0

§ ".:.':•:
3?

0.2
3Stefi1:.̂ '

*»1J-:. j
0.35

W«"
0

**!=>
0
0

0.2 ,
0.21
021

0
02

«9-S3«.
0.16

0
0
0
0
0
0

0.19
;-';0.79 ••'

019
0.23
025
028

p=, • • ( • . • . • . . • •
020

sw--
0.15

0.096
0082

si. 0,41
029

Cadmium
066
0.36
097

0
0

1.03
06
0.81
0

0.33
0
0

0.41
0

0.39
0

1.19
0
0

0.89
0
0

5.21
103

0
0
0
0
0

10.8
0

1.49
0

0.53
0
0

1.03
0
1.4

476
0.54

0
0

2.23
1.1
0
1.3
0
0

0.39
0.65
068

0
0.6
0.37
0.72
0
0
0
0
0
0

1.94
1.98
0.37

0
0.26
0.36

0
0.45

0
3.4
3.7
15
24
3

t/ka)
Chromium

39.7
15.2
372

0
0

29.9
27.3
342
158
28.1
21.8
17.5
30.5
21.6
10.3
0

30.0
0
0

30.1
0
0

-K44J";:'.
35.4

0
0
0
0
0

39.4
0

40.6
0

26.5
0
0

31.1
0

27.6
«5E9*j6*v

31.4
22.2
37

-<?$*»:•

39.7
0

36.6
0
0

33.2
370
27.5

0
17.0
327
32.9
0
0
0
0
0
0

33.5
31.4
11.3
6.60
4.48
6.57
152
41.3
307
23
29

<«H400 *
17
23

Lead
7.3
5.8

v:.50Zv,
0
0

552
5.09
24.3
4.4
123
3.9
2.1
7.15

^%:2640-V
6.47

0
7.65

0
0

218
0
0

470
23.1

0
0
0
0
0

ŝHOBus™:
0

«T«H>::«-

0
56.9

0
0

45.8
0

15.5
107
6.63
5.5
6.9

.;:<£.«»-:•
10.1
0

8.5
0
0

6.52
673
7.56

0
3.41
6.18
9.67

0
0
0
0
0
0

""vBWfir
»:,«te:

53.9
1.6

4.33
5.98

4
107
11.4
100
12
63
33
9.3

Thallium
20.5
18

12.6
0
0

14.8
9.45
18:1
0

13.7
0
0

15.7
0

162
0

112
0
0

11.2
0
0
13

• .27.9 :

0
0
0
0
0

=:i7J-":
0

'•«,2tt1«
0

'•'^17.9.:
0
0

,?•-.«,:.
0

'•,39.2:':
lESM-i:..

27,7
0
0

28.3
0
0
0
0
0

•„•»,.,;,
• '16.8*

11.7
0

11.2
'.-IS.*'"

• • ' • • 12*."'
0
0
0
0
0
0

v'19.8.'.
22.4 :
:1S.4

0
10.8
14.9

0
15.9
0
0
0
0
0
0
0

Benzene
0
0
0
0

0.006
0
0
0
0
0
0
0
0
0
0

3.1
0
0

.":•::: :'12 .
0

1.8
2.4
0
0
0

6.7
0

056
6J8
0

•*4,S
0
0
0

:••*!.* '

2.6
0
0
0
0
0
0
0
0
0

7.7
0

0.0018
0.0042

0
0
0

0.84
0
0
0

0.44
0.002

0
0.04
0.012
0.032

0
0
0
0
0
0
0
0
0
0
0
0
0
0

Dieldnn
0
0
0

0.019
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

DOT
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.044
0
0
0
0
0
0
0
0
0
0
0
0

ODD
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.028
0
0
0
0
0
0
0
0
0
0
0
0

_ 0
0

1 ——— Pi

DDE
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.017
0
0
0
0
0
0
0
0
0
0
0
o
0
0

HOloH 1

Benz[a}anthracene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

• : " " . - : - ' 4.3 : ' . ; • ' : • •
0
0
0
0
0
0
0

.: •'•• ;.•••• -t,jf:r--'V™ •"»"••"

0
0
0

,'...'. •..1.1,- ..,""=•
0
0
0
0

••fts* •.".•&'„••••.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.027
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Benzorblfluoranthene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

;- -"V* ».*•#.-• •
0
0• • • • • • • "••• o.ee
0
0
0
0
0
0
0
0

•i- :* •:•::.:•«=:,:.,::::•,
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Benzofklfluoranthene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

' • ••• rx"-|W»- \ "•:.!?..?:
0
0
0
0
0
0
0
0

... ... . : ftj|4r .,:., „.:•... •

0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Benzofalpyrene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

5Si3'i«t:F3;-5
0

iî l>W>:1vJ>:*6*'̂ ;:S

0
0
0
0
0
0
0
0
0

iMS-lMHEiî
0
0
0
0
0
0

"!?W<M8.V • • •
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.018
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Chrvsene
0
0
0

059
="0,55

0
0
0
0
0
0
0
0
0
0
0
0
0

SKM ,
0

SWM.1"-
••Ha*1 : '':

0
0

IIBM1 <"'•
«4:«
jsat-.j
:i&3"-,

0
¥^t'.'[ 1"

0
0
0

»1;4. :-
feO.78 .

0
012

0
0
0
0
0
0
0
0
0

00022
0
0
0
0
0
0
0
0
0
0
0

0025
0.03
0.053

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Dtbenzta,h]anthracene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



Positive values Indicate concentraiic
0 = non-detected above reporting lii
Blue highlighted values indicate cor
Blank Cells indicated that analysis (

Waste data

Sample No.
SB-033-006
SB-033-010
SB-017-007
SB-017-004
SB-017-006
SB-018-011
SB-019-011
SB-084-005
SB-104-005
SB-083-010
SB-083-013
SB-084-009
SB-083-016
SB-083-002
SB-083-019
SB-040-004
SB-040-008
SB-040-010
SB-038-007
SB-038-008
SB-038-016
SB-039-010
SB-039-011
SB-041-008
S8-029-004
SB-029-007
SB-041-010
SB-029-011
SB-041-013

SB-047-005H
SB-047-006
SB-047-007
SB-047-008

SB-047-009H
SB-048-011
SB-048-012
SB-048-013
SB-049-011
SB-049-012

SB-049-014H
SB-053-015
SB-054-006
SB-054-009
SB-057-005
SB-057-007
SB-057-009
SB-057-013
SB-058-008
SB-058-012
SB-059-009
SB-059-016
SB-069-009
SB-068-013
SB-068-013
SB-103-009
SB-103-012
SB-107-005
SB-107-006
SB-107-008
SB-108-006
SB-108-007
SB-108-010
SB-055-008
SB-066-004
SB-066-005
SB-066-007
SB-066-010
SB-067-015
SB-066-013
SB-067-018
SB-067-002
HPB-7-01-08
HPB-7-01-15
HPB-7-05-08
HPB-7-05-10
HPB-7-05-13
HPB-7-07-09

Depth (feet)
10
15
15
10
15
15
10
10
10
15
20
20
35
40
40
10
15
15
10
10
18
15
15
15
10
15
20
25
25
10
10
15
15
15
15
15
15
15
15
15
20
10
20
15
20
25
25
15
20
10
20
10

25
10
15
15
15
20
10
15
18
10
20
20
25
30
30
35
35
40
8
15
8
10
13
9

lndeno[1.2.3-cdlpvrene
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1016
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroctor 1221
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.091
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1232
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1242
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1248
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.045
0

0.037
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1254
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.12
0
0
0

:• 0.29:
0
0
0
0
0
0
0
0

0.086
0

0.57
0

A; 0.33:,,
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1260
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

'• '.'LI
0

; ••;• 0.42 •/ '
0.25 "

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

:- M.3 •

0,079
0

0.067
0
0
0
0
0
0
0
0
0
0
0
0
0
0

p D, . .



Positive values indicate concentrations above reporting limits
0 = non-detected above reporting limits (reporting limits unknown)
Blue highlighted values indicate concentrations above the 1993 ROD Cleanup standards
Blank Cells indicated that analysis for the specific constituent was not performed.

Sample No.
HPB-7-07-10
HPB-7-28-10
HPB-7-28-15
HAB-7-01-10
HPB-4-13-15
HPB-4-14-10
HPB-4-15-10
HPB-4-16-10
HPB-4-16-15
HPB-4-16-20
HPB-4-22-10
HPB-4-22-15
HPB-4-23-10
HPB-4-23-15
HPB-4-25-11
HPB-4-25-10
HPB-4-29-10
HPB-4-29-15
HPB-4-29-20
HAB-4-04-15
HAB-4-04-20
HAB-4-03-10
HAB-4-03-25
HAB-4-02-15
HAB-4-02-10
HAB-4-02-20
HAB-4-05-10
HAB-4-07-15
HAB-4-07-20
TS-127-8.11
TS-127-19.8
TS-128-13.8
TS-128-19.8
TS-129-9 8
TS-129-17B
TS-130-13
TS-132-11
TS-132-18

TS-133-11.2
TS-133-19.3
TS-134-113
TS-135-13
TS-136-13
TS-136-18
TS-137-11

TS-137-32.2
TS-138-132
TS-138-24.6

TS-139-9
TS-139-15
TS-140-11

TS-141-15.6
TS-141-19
TS-142-13
TS-142-17
SB-DP-9-7

SB-DP-20-10
SB-DP-22-8
SB-DP-24-9
SB-DP-25-10
SD-DP-29-6
SD-DP-31-5
SO-OP-34-8
SB-IDP-1-5
SB-IOP-2-9
SB-IDP-4-4
SB-IDP-5-6
SB-IDP-7-5
SB-IDP-8-5
SB-IDP-8-9

SB-IDP-10-11
SB-IDP-13-10
SB-IOP-14-5
SB-IDP-14-10

Depth (feet)
10
10
15
10
15
10
10
10
15
16
10
15
10
15
11
10
10
15
20
15
20
10
25
15
10
20
10
15
20

8.11-9.11
18.4-198
12-13.8
18-198
86-98

16.4-17.8
12-13
10-11

17.2-18
10.5-11.2
19.3-20
11.3-12

12-13
12-13
18-19
10-11

32.2-33
12-113.2
24.6-251

8-9
15-16

10.6-11
15.6-16
19-20

12.6-13
17-8

7
10
8
9
10
6
5
8
5
9
4
6
5
5
9
11
10
5
10

Parameter and concentration {me
Arsenic

2.8

32
5.5
1.6
7.4
85

48

2.4

3.3
2.4

4.3
4.3
42
6.7
2

3.7
69
3.3
2.9
2.1

:-s:«:.!r
44
1.6
36
2.7
84
3.9

Kii3!t^ =

8.8
4.5
6.9
5.4

yr-40.-.-'.'
1.5

^StZ"̂ 1:''
1.4
2.3
3.8
3.1
3.1

mmm
71
3.1
0
3

2.7
7

3.2
5.6
6.9
2.7
0
0
4

49
41
8.9
6.1
4

2.9
5.5
0
0

6.1
•: ! -11 - • - - •

Ben/Ilium
0.17
036
0.4

ffO.« .
024
025
0.28
027
0.2
032

£K4fF
0.12
0.33
025

îQ.SI.P1"
0.21
0.25

#0.65* :
037
0.07
007
0.25

3:o,«8=:
_»•*..
:̂ S.44:?
•»»«,»•:,

0.36
0
0

0.39
,̂60-

iiiMH'v-
lass

0.29
»#«'«•

0.23
0.37

s««®B;
0.3

s«.**
0.31
023
0.3

*w-
0.28

0
028
0.1

•;BOJ t̂;~
S..MM?msf-»

0.21

0.3
*WJ8«s

0
0
0
0

:=B.68S:
0
0
0

.«***
0
0
0
0
0

SJ.SLi
0
0
0
0

Cadmium
0.56

4.5
1.9
3.2
8

1.6

55

3.6

3.2
3.7

2.2
0.9
1.8
2.6
1.6
1.6
2.8
2

1.3
0.3
1.1
0
0
0
0
0

2.3
1.6
0

4.5
0
0

5.1
0
o
0
0
0
0
0
0
0
0
0
0
0

0.96
0

0.71
0

0.53
0
0
0
0

0.52
1

0.66
1.1

0.66
0.62

0
0
1.2
1.6

l/tt)
Chromium

7.4

19
26
18
16
8.1

29

16

14
12

16
15
18
31
22
22
33
24
14
13
17
21
18
21
10
24

-;;;»*-
•ssseWcav

33
..̂ al-ffij-:.::̂ . ''

22
21
40
17
17
17
7
15
7.4
21
28
26
15
28
10
30

16
26
19
29
24
41
26
24
21
28
29
20
19
27
33
32
27
17

Lead
0

97
18
63
74
37

20

12

15
69

13
8.7
32
23
11
28
22
11
15
0
51
7.4
98
5.5
18
8.6

,.,,,».,3».
SsfTSfe*.

13
KiJWttSi,

10
260
450
24
0
54
6.1
19
6.6
66
11
29
190
8.2
5.1
0

110
5

6.5
35
8

5.4
9.9
6.3
15
41
470
93
48
6

9.9
29
11
29
210

Thallium
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0

7.1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Benzene
0

0
0
0
0
0

0.11

0
0
0

099
0
0
0
0
0
0
0
0
0
0
0
0
0

1.1
0

19.S9
fctn--'-

0
:,,...-. 7-- :

0
0.82

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0

0.0042
0.014
0.099

Dieldrin

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0

DOT

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0.17
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

DDD

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0.087
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

DDE

0.019
0
0

0.02
0
0
0
0
0
0
0
0
0

0.018
0
0
0
0
0

0.15
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Benzfa]anthracene
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Benzolbjfluoranthene
0
0

0
0

0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0

Benzoddfluoranthene
0
0

o
0

0
0
0
0
°
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
"
0
0
0
0
0

Benzofalpyrene
0
0

o
0

0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
o

0
o
0
0
0
0
0
0
0
o
0
0
0
0
o
0
0
0
0

Cnrvsene
0
0

0
0

0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

DiDenzIa.nlanthracene
0
0

0
0

0
0
0
0
0
0
0
0
o
0
0
0
o
0
o
0

0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Mean 7.72 0.31 1.08 30.63 116.36 4.41 067 0.00 0.00 0.00 0.00 0.06 0.04 0.01 0.05 0.25 000
Standard Deviation 2853 0.40 2.01 117.17 377.39 10.95 2.42 0.00 002 001 0.01 044 029 0.06 0.33 1.08 0.00
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Positive values indicate concentrati
0 = non-detected above reporting Hi
Blue highlighted values Indicate cor
Blank Cells Indicated that analysis I

Waste data

Sample No.
HPB-7-07-10
HPB-7-28-10
HPB-7-28-15
HAB-7-01-10
HPB-4-13-15
HPB-4-14-10
HPB-4-15-10
HPB-4-16-10
HPB-4-16-15
HPB-4-16-20
HPB-4-22-10
HPB-4-22-15
HPB-4-23-10
HPB-4-23-15
HPB-4-25-11
HPB-4-25-10
HPB-4-29-10
HPB-4-29-15
HPB-4-29-20
HAB-4^>4-15
HAB-4-04-20
HAB-4-03-10
HAB-4-03-25
HAB-4-02-15
HAS-4-02-10
HAB-4-02-20
HAB-4-05-10
HAB-4-07-15
HAB-4-07-20
TS-127-811
TS-127-19.8
TS-128-13.8
TS-128-19.8
TS-129-9.8
TS-129-17.8
TS-130-13
TS-132-11
TS-132-18

TS-133-11.2
TS-133-19.3
TS-134-11.3
TS-135-13
TS-136-13
TS-13B-18
TS-1 37-11

TS-137-32.2
TS-1 38-1 3.2
TS-1 38-24.6

TS-139-9
TS-139-15
TS-140-11

TS-141-15.6
TS-141-19
TS-142-13
TS-142-17
SB-DP-9-7

SB-DP-20-10
SB-DP-22-8
SB-DP-24-9
SB-DP-25-10
SD-DP-29-6
SD-DP-31-5
SD-DP-34-8
SB-IDP-1-5
SB-IDP-2-9
SB-IOP-4-4
SB-IDP-5-6
SB-IDP-7-5
SB-IDP-8-5
SB-IDP-8-9

SB-IDP-10-11
SB-IDP-13-10
SB-IDP-14-5
SB-IDP-14-10

Depth (feet)
10
10
15
10
15
10
10
10
15
16
10
15
10
15
11
10
10
15
20
15
20
10
25
15
10
20
10
15
20

8.11-9.11
18.4-198
12-13.8
18-19.8
8.6-98

16.4-17.8
12-13
10-11

17.2-18
10.5-11.2
19.3-20
11.3-12
12-13
12-13
18-19
10-11

32.2-33
12-1132
24.6-251

8-9
15-16

10.6-11
15.6-16
19-20

12.6-13
17-8
7
10
8
9
10
6
5
8
5
9
4
6
5
5
9
11
10
5
10

lndeno[1.2.3-cdlpvrene
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1016
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1221
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1232
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1242
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1248
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1254
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Aroclor 1260
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03
Standard Deviation 0.00 0.00 0.01 0.00 0.00 0.01 0.07 0.16
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t-Test: Two-Sample Assuming Unequal Variances
Arsenic

F/// Waste
Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

6.193555556
174.4788816

90
0

212
-0.54934147
0.291674653
1.652074388
0.583349305
1.971216079

7.718865248
813.7019401

141

t-Test: Two-Sample Assuming Unequal Variances
Beryllium

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0.272118644
0.087668123

118
0

266
-0.97005865
0.166449241
1.650601007
0.332898482
1.968924153

Waste
0.313344371
0.160534907

151

t-Test: Two-Sample Assuming Unequal Variances
Cadmium

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0.787888889
5.164156167

90
0

173
-0.9976729

0.159915699
1 .653709205
0.319831397
1.973771759

Waste
1.080496454
4.038177609

141



t-Test: Two-Sample Assuming Unequal Variances
_______________Chromium_______

Fill Waste
Mean 17.84111111 30.62659574
Variance 469.4478414 13728.15604
Observations 90 141
Hypothesized Mean Difference 0
df 155
t Stat -1.26237442
P(T<=t) one-tail 0.104355061
t Critical one-tail 1.654743755
P(T<=t) two-tail 0.208710122
t Critical two-tail 1.975386112

t-Test: Two-Sample Assuming Unequal Variances
Lead

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
143.4155556
178089.2196

90
0

174
0.494855967
0.310663035
1.653656909
0.62132607

1.973689905

Waste
116.3614894
142424.6612

141

t-Test: Two-Sample Assuming Unequal Variances
_______________ Thallium

Fiii Waste
Mean 2.583050847 4.414238411
Variance 38.44996668 119.9004126
Observations 118 151
Hypothesized Mean Difference 0
df 245
tStat -1.73039486
P(T<=t) one-tail 0.042409464
t Critical one-tail 1.651096682
P(T<=t) two-tail 0.084818928
t Critical two-tail 1.969692676



t-Test: Two-Sample Assuming Unequal Variances
_______________Benzene________

Fill Waste
Mean 0.037829545 0.666065248
Variance 0.037595476 5.872479947
Observations 88 141
Hypothesized Mean Difference 0
df 143
tStat -3.062706017
P(T<=t) one-tail 0.001310746
t Critical one-tail 1.65558049
P(T<=t) two-tail 0.002621493
t Critical two-tail 1.976691237

t-Test: Two-Sample Assuming Unequal Variances
Dieldrin

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0.000828916
2.32294E-05

83
0

101
1.167212122
0.122936509
1.660080216
0.245873017
1.983730726

Waste
0.00017757

3.37383E-06
107

t-Test: Two-Sample Assuming Unequal Variances
________________DPT_________

Fill Waste
Mean 0.016295181 0.002
Variance 0.003487915 0.000286868
Observations 83 107
Hypothesized Mean Difference 0
df 93
tStat 2.138041218
P(T<=t) one-tail 0.017567564
t Critical one-tail 1.66140353
P(T<=t) two-tail 0.035135129
t Critical two-tail 1.985799827



t-Test: Two-Sample Assuming Unequal Variances
ODD

Fill Waste
Mean 0.00174578 0.001074766
Variance 6.5578E-05 7.76359E-05
Observations 83 107
Hypothesized Mean Difference 0
df 183
t Stat 0.54504448
P(T<=t) one-tail 0.29319328
t Critical one-tail 1.65322263
P(T<=t) two-tail 0.58638657
t Critical two-tail 1.97301233

t-Test: Two-Sample Assuming Unequal Variances
DDE

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0.00751446
0.00065695

83
0

124
1.7161094

0.04431964
1.65723577
0.08863929
1.97927875

Waste
0.002093458
0.000220803

107

t-Test: Two-Sample Assuming Unequal Variances
I Benz[a]anthracene

Fill Waste
Mean 0.00978947 0.06462931
Variance 0.00238617 0.189487853
Observations 95 116
Hypothesized Mean Difference 0
df 119
tStat -1.3465452
P(T<=t) one-tail 0.09034294
t Critical one-tail 1.65775873
P(T<=t) two-tail 0.18068588
t Critical two-tail 1.9800973



t-Test: Two-Sample Assuming Unequal Variances
I___________Benzo[b]fluoranthene____

Fill Waste
Mean 0.017157895 0.03508621
Variance 0.004341305 0.08226869
Observations 95 116
Hypothesized Ivlean Difference 0
df 130
tStat -0.652516644
P(T<=t) one-tail 0.257610057
t Critical one-tail 1.656658242
P(T<=t) two-tail 0.515220114
t Critical two-tail 1.97837835

t-Test: Two-Sample Assuming Unequal Variances
| Benzofkjfluoranthene

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Variable 1
0.0072

0.001520055
95
0

204
-0.019536929
0.492215936
1.652356332
0.984431873
1.971661732

Variable 2
0.00732759
0.00309106

116

t-Test: Two-Sample Assuming Unequal Variances
I_____________Benzo[a]pyrene_____________
____________________Variable 1 Variable 2
Mean 0.032010526 0.05101724
Variance 0.015136564 0.11147482
Observations 95 116
Hypothesized Mean Difference 0
df 151
t Stat -0.567852604
P(T<=t) one-tail 0.285489218
t Critical one-tail 1.655007509
P(T<=t) two-tail 0.570978435
t Critical two-tail 1.975799933



t-Test: Two-Sample Assuming Unequal Variances
Chrysene

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0.037736842
0.015122153

95
0

119
-2.138679878

0.01725276
1 .65775873
0.03450552

1.980097295

Waste
0.253967241
1.167303592

116

t-Test: Two-Sample Assuming Unequal Variances
Dibenz[a,h]anthracene

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0
0

95
0
0

Waste
0
0

116

65535
#NUM!
#NUM!
#NUM!
#NUM!

t-Test: Two-Sample Assuming Unequal Variances
|_____________Indeno [1,2,3-cd] pyrene

Fill Waste
Mean 0.000778947 0
Variance 5.76421 E-05 0
Observations 95 116
Hypothesized Mean Difference 0
df 94
t Stat 1
P(T<=t) one-tail 0.159938903
t Critical one-tail 1.661226179
P(T<=t) two-tail 0.319877806
t Critical two-tail 1.985522431



t-Test: Two-Sample Assuming Unequal Variances
I Aroclor 1016

Fill Waste
Mean 0 0
Variance 0 0
Observations 96 117
Hypothesized Mean Difference 0
df 0
t Stat 65535
P(T<=t) one-tail #NUM!
t Critical one-tail #NUM!
P(T<=t) two-tail #NUM!
t Critical two-tail #NUM!

t-Test: Two-Sample Assuming Unequal Variances
I Aroclor 1221

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0
0

96
0

116
-1

0.159696
1.658095
0.319392
1.980625

Waste
0.000778
7.08E-05

117

t-Test: Two-Sample Assuming Unequal Variances
I Aroclor 1232

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0
0

96
0
0

65535
#NUM!
#NUM!
#NUM!
#NUM!

Waste
0
0

117

7



t-Test: Two-Sample Assuming Unequal Variances
I Aroclor 1242

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0.000833333
6.66667E-05

96
0

95
1

0.159925427
1.661051101
0.319850854
1.985249583

Waste
0
0

117

t-Test: Two-Sample Assuming Unequal Variances
| Aroclor 1248

Mean
Variance
Observations
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Fill
0.017708333
0.030104167

96
0

95
0.960046076
0.169734567
1.661051101
0.339469135
1.985249583

Waste
0.000700855
2.87632E-05

117

t-Test: Two-Sample Assuming Unequal Variances
|______________Aroclor 1254_______

Fill Waste
Mean 0.01875 0.011931624
Variance 0.03375 0.004508961
Observations 96 117
Hypothesized Mean Difference 0
df 116
tStat 0.34521736
P(T<=t) one-tail 0.365278081
t Critical one-tail 1.658095243
P(T<=t) two-tail 0.730556163
t Critical two-tail 1.980624802



t-Test: Two-Sample Assuming Unequal Variances
I______________Aroclor 1260______________
______________________FW_____Waste
Mean 0.00635417 0.027487179
Variance 0.00176236 0.026389924
Observations 96 117
Hypothesized Mean Difference 0
df 135
tStat -1.35314433
P(T<=t) one-tail 0.08913557
t Critical one-tail 1.65621941
P(T<=t) two-tail 0.17827113
t Critical two-tail 1.97769168



WDI data comparison.xls

enic (mgi

Fill
0
0
0
0
0

3.735
6.9

11.03
18.36

43.894
85.011

Kg;
Waste

0
0
0
0

1.5
3.9
7.1
13

17.3
21.52
33.44

Percentile
1%
2%
5%

10%
25%
50%
75%
90%
95%
98%
99% W

0)
3

5
a>

'•ISc
0)£
0>
0.

100%

90%

80%

70%

60%

40%

0%
0

• Waste
•Fill

20 40 60 80

Arsenic Concentration
100
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WDI data comparison.xls

Beryllium (mg/kg)

Fill
0
0
0
0
0

0.215
0.39

0.626
0.9245
1.132

1.2

Waste
0
0
0
0
0

0.23
0.405
0.79

1.1
1.2

1.35

Percentile
1%
2%
5%

10%
25%
50%
75%
90%
95%
98%
99%

•Waste |
• Fill !

0 0.5 1
Beryllium Concentration

1.5
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WDI data comparison.xls

Cadmium (mg/kg)

Fill
0
0
0
0
0
0

0.8825
1.714
2.155
6.178

10.902

Waste
0
0
0
0
0

0.37
1.3
3.2
4.5

6
9.68

Percentile
1%
2%
5%

10%
25%
50%
75%
90%
95%
98%
99%

•Waste
•Fill

0 4 6 8
Cadmium Concentration

10 12
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WDI data comparison.xls

Chromium (mg/kg)

Fill
0
0
0
0
0

16
26.75
38.19
48.03

63.766
73.35

Waste
0
0
0
0

10
21

30.1
39.4

44
60.08
83.96

Percentile
1%
2%
5%

10%
25%
50%
75%
90%
95%
98%
99%

• Waste
•Fill

0 20 40 60 80
Chromium Concentration

100
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WDI data comparison.xls

Lead (mg/kg)

Fill
0
0
0
0
0

10.3
61.5

394.4
690.25

1622
1819.9

Waste
0
0
0
0
4

9.67
33

218
543

1224
2252

Percentile
1%
2%
5%

10%
25%
50%
75%
90%
95%
98%
99%

•Waste
•Fill

0 500 1000 1500
Lead Concentration

2000 2500
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WDI data comparison.xls

jllium (mg/kg)

Fill
0
0
0
0
0
0
0

13.16
17.85

20.166
22.358

Waste
0
0
0
0
0
0
0

16.8
20.3
27.9

33.75

Percentile
1%
2%
5%

10%
25%
50%
75%
90%
95%
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WDI data comparison.xls
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WDI data comparison.xls
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DOT (mg/kg)
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WDI data comparison.xls

ODD (mg/kg)
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WDI data comparison.xls

DDE (mg/kg)
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WDI data comparison.xls

Total PAH (mg/kg)
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WDI data comparison.xls
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WDI data comparison.xls

Benzo[b]fluoranthene (mg/kg)
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WDI data comparison.xls
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WDI data comparison.xls
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WDI data comparison.xls
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WDI data comparison.xls
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WDI data comparison.xls
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WDI data comparison.xls
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WDI data comparison.xls
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Fill
0
0
0
0
0
0
0
0
0
0
0

Waste
0
0
0
0
0
0
0
0
0
0
0

Percentile
1%
2%
5%

10%
25%
50%
75%
90%
95%
98%
99%

All Non-Detect

Page 21 of 27



WDI data comparison.xls
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WDI data comparison.xls
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WDI data comparison.xls

Arochlor 1242 (mg/kg)
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WDI data comparison.xls

hlor 1248 (mg/kg)
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WDI data comparison.xls
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WDI data comparison.xls
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CERTIFICATION

FINAL DESIGN REPORT (REVISION 1.0)
SOILS, SUBSURFACE GAS, AND GROUND WATER

REMEDIAL DESIGN

WASTE DISPOSAL, INC. SUPERFUND SITE
SANTA FE SPRINGS, CALIFORNIA

These Specifications for the Waste Disposal, Inc., Superfund Site were prepared by TRC on behalf
of the Waste Disposal, Inc. Group (WDIG) in a manner consistent with the level of care and skill
ordinarily exercised by professional engineers. These Specifications were prepared under the
technical direction of the undersigned California Registered Civil Engineers.

Executed at Irvine, California this th day of March 2003.

Signature Signature

Kenneth J. Floom, P.E.
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SECTION 01000
INTRODUCTION, SCOPE OF WORK AND GENERAL REQUIREMENTS

PART 1 GENERAL

1.01 DESCRIPTION

A. The work (Work) described by these construction documents is to be performed on behalf of
the Waste Disposal, Inc. Group, hereafter referred to as "OWNER." The OWNER shall be
represented during construction by the PROJECT COORDINATOR as defined in the
Consent Decree. OWNER'S design engineer is either TRC or the Engineers) of Record and
are hereafter referred to as "ENGINEER."

B. The Work shall be performed in accordance with the reference standards outlined in
Section 01010.

1.02 SCOPE OF WORK

A. The scope of work described here is intended as a summary and does not relieve
CONTRACTOR'S responsibility to inspect all construction documents in order to submit a
complete bid. Work covered in these specifications encompasses the following activities:
1 . Establish staging areas, site access, onsite roads and other facilities

required for construction.
2. Demolish and remove pavement and other items (e.g., fences) on the site

which shall inhibit construction activities.
3. Provide stormwater runoff control, as necessary during construction.
4. Provide dust control during construction activities.
5. Rough grade site and subgrade preparation including removal of

deleterious materials.
6. Reconsolidate any waste encountered/excavated during subgrade

preparation in designated disposal areas within the site.
7. Install perforated polyvinyl chloride (PVC) pipes for gas venting in a

6-inch-wide by 9-inch-deep gravel-filled trench with extension of PVC
pipe at the high point of the cap area.

8. Compact structural fill (comprised of onsite soil) and/or install geogrid to
provide a foundation for the cover systems.

9. Install PVC drainpipe from low point of reservoir cap French drain
(drainage trench) to daylight at concrete paving in property along Santa Fe
Springs Road.

10. Install geosynthetic clay liner (GCL) in areas outside the reservoir where
waste is buried that are not covered with existing asphalt or concrete.

301471 1 00% Specs (3/24/03) 0 1 000- 1
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11. Place geotextile cushion over GCL.
12. Place and compact 2 feet of vegetative soil layer over geotextile cushion

layer to achieve final grades.
13. Install single-sided geocomposite for gas venting over prepared subgrade

over the reservoir. This shall not extend into the cap French drain
(drainage trench).

14. Construct French drain (drainage trench) around outside perimeter of the
reservoir.

15. Install geosynthetic clay layer over the single-sided geocomposite and
extend into French drain (drainage trench).

16. Install 60-mil high-density polyethylene (HDPE) over geosynthetic clay
layer and extend into French drain (drainage trench).

17. Install single-sided drainage layer geocomposite over 60-mil HDPE and
extend into French drain (drainage trench).

18. Install 4-inch-diameter perforated corrugated HDPE pipe into French
drain (drainage trench).

19. Backfill French drain (drainage trench) with drain rock.
20. Place and compact vegetative soil layer over reservoir area.
21. Install aboveground gas collection venting system piping, blower, carbon

adsorbers and concrete pad at the high point of the cap area.
22. Install precast concrete catch basin at low point of brow ditch.
23. Install storm drainpipe from catch basin to existing catch basin in

Greenleaf Avenue.
24. Rehabilitate and/or remove and replace existing asphalt pavement in the

engineered asphalt pavement cover areas.
25. Rehabilitate and/or remove and replace existing concrete pavement in the

engineered concrete pavement cover areas.
26. Install sentinel biovent gas control wells around perimeter of buried waste.
27. Install leachate monitoring/control wells in reservoir area.
28. Extend and install boots around existing soil vapor wells and ground water

monitoring wells as necessary due to regrading of the Site and placement
of the cap.

29. Abandon designated existing soil gas and ground water monitoring wells.
30. Reinstall fence along recreational storage lot adjacent to the reservoir.
31. Install fence around gas collection venting system equipment and piping at

high point of cap system.
32. Install stray ball fence adjacent to recreational field.
33. Install hardened drainage V-ditch on west side of Site.
34. Replace or install new fence around Site remove to facilitate work.
35. Install 10-foot wide Site access road from Greenleaf Avenue to gas

extraction/venting system.
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36. Seal cracks in floor slabs and boot around utility penetration in existing
buildings.

37. Install settlement monuments.
38. Install landscaping and reseed graded soil areas.
39. Clean up site and remove all unused material, equipment, rubbish and

debris.
40. Demobilization.

B. The Contractor, herein referred to as "CONTRACTOR," is responsible for providing
construction services, temporary facilities and related materials and equipment for the
Work described herein.

1 .03 FORM OF SPECIFICATIONS

A. These specifications (Specifications) are written in the Construction Specifications Institute
(CSI) three-part format (General, Materials, and Execution). For some sections all three parts
are not necessary.

B. These Specifications are written in imperative and abbreviated form. This imperative language
of technical sections is directed at CONTRACTOR unless specifically noted otherwise.

C. CONTRACTOR shall perform or provide items of the Work stated and comply with the
requirements stated in each section, unless the items are specifically assigned to other
contractors, ENGINEER, CONSTRUCTION QUALITY ASSURANCE (CQA) ENGINEER
or OWNER.

D. The term "provide" or "provided" shall mean "furnished and installed by CONTRACTOR."

1.04 STANDARD SPECIFICATIONS

A. These Specifications are to be used in conjunction with the Standard Specifications For Public
Works Construction, latest edition often referred to as the "Green Book" except Section 1
which is not applicable and Standard Specifications, State of California, Department of
Transportation, July 1984, or later editions.

B. The Work is to be performed in accordance with the accepted Contractor's Health and
Safety Plan.
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1.05 INACCURACIES IN THE DRAWINGS OR SPECIFICATIONS

A. The written dimensions in the Drawings or in the Specifications are presumed to be correct, but
CONTRACTOR shall be required to check carefully all dimensions before beginning the
Work. If inaccuracies are discovered, ENGINEER shall be advised in writing immediately and
shall make the proper corrections. No extra work shall be performed on this contract without
written authorization by OWNER or his designated representative.

1.06 MATERIAL SUBSTITUTIONS

A. Whenever a specific brand name or model number is used, an "approved equal" is implied.
The specific name is used to clearly identify the item, its intended use, and its level of quality.
All proposed substitutions require the approval of ENGINEER.

B. Unless specifically requested in the submittal section of these Specifications, submittal
approvals are not required if materials are identical to those specified in this document.

C. Where equipment, materials, or articles are referred to in the Contract Documents as
"or equivalent" and "equal to" a particular standard, ENGINEER shall determine equality.

1.07 PROJECT MEETINGS

A. Project meetings shall be held and conducted as described in Section 01020.

1.08 WORK SEQUENCE

A. CONTRACTOR or a geosynthetics subcontractor shall not place geosynthetic layers over
prepared subgrade before CQA ENGINEER, CONTRACTOR, geosynthetics subcontractor,
and the regulatory agencies, if required, have approved the surface to be covered.

B. CONTRACTOR shall not place vegetative soil layer or other materials before CQA
ENGINEER and the regulatory agencies, if required, have approved underlying layers.
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1.09 QUALITY ASSURANCE

A. CQA ENGINEER shall monitor and document the Work completed by CONTRACTOR in
accordance with Section 01200 and the CQA Plan. Performance criteria are set forth in these
Specifications and the Drawings.

1.10 GENERAL CONDITIONS AND CONTRACTOR'S RESPONSIBILITIES

A. All Work shall be coordinated with PROJECT COORDINATOR, CONSTRUCTION
PROJECT MANAGER, CQA ENGINEER, and necessary subcontractors. The purpose of
this coordination is to foster good communications between all parties involved in the project
and responsible for the operations of the site, and to identify potential problems that could
impact the Work schedule.

B. The Specifications, Drawings and other documents shall govern the Work and shall be
considered complimentary. Anything indicated in the Specifications and not in the Drawings
or another document, or in the Drawings or another document and not in the Specifications,
shall be considered to be contained in each.

C. CONTRACTOR shall, upon discovering any discrepancies in the Specifications,
Drawings or other documents, immediately bring the discrepancies to the attention of
ENGINEER.

D. CONTRACTOR shall furnish and maintain in good condition all material, equipment, and
facilities necessary for the proper execution and inspection of the Work. The Work,
equipment, and materials shall be protected from the weather, vandalism and other damage by
CONTRACTOR until final acceptance of the entire project by CQA ENGINEER, PROJECT
COORDINATOR, and OWNER. Such material, equipment, and facilities shall conform to all
applicable ordinances and laws.

E. CONTRACTOR shall provide all required surveying services for performance of the Work.
CQA ENGINEER or designee shall provide surveying services required for quality assurance
activities.

F. The project site, including all staging and stockpile areas, shall be maintained by
CONTRACTOR in a neat and orderly fashion, free of rubbish and debris.
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G. Materials and equipment shall be removed from the site when no longer required for the Work.
Prior to final inspection and acceptance of the Work, the site shall be cleared of equipment,
unused materials and rubbish.

H. The cost of maintaining the site in a neat and orderly fashion and preparing the site for final
inspection shall be included as part of CONTRACTOR'S bid.

I. CONTRACTOR shall provide, at his expense, temporary water, power, sanitation, telephone,
and other utilities necessary for the Work, and shall remove such temporary utilities upon
completion of the Work unless otherwise directed by OWNER.

J. Existing improvements/facilities that must be removed for the project, but are not designated
for permanent removal, shall be repaired or replaced by CONTRACTOR, and shall be at least
equal to the existing improvements/facilities and match them in finish and dimension.

K. CONTRACTOR shall prepare and have available onsite an approved Health and Safety Plan.

L. CONTRACTOR shall be responsible for the protection of public and private property adjacent
to the Work and shall exercise due caution to avoid damage to such property.

M. CONTRACTOR shall provide signs, barricades, flagmen and other necessary safety personnel
or items, such that the Work may be performed in a safe manner.

N. CONTRACTOR shall provide dust control as necessary to assure project compliance with
provisions of the Health and Safety Plan, EPA, STATE, South Coast Air Quality Management
District (SCAQMD), and other regulatory agency requirements.

O. CONTRACTOR shall clean public and private streets at the project site and any offsite borrow
sources as necessary to maintain compliance with EPA, STATE, and other regulatory
agency requirements.

P. As this is a Superfund remediation project, local permits for onsite activities are not usually
required. However, should the local agencies, EPA and/or STATE require such permits,
CONTRACTOR shall be responsible for obtaining any and all permits required for the Work.

* * * END OF SECTION * * *
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SECTION 01010
REFERENCE STANDARDS, DEFINITIONS AND ABBREVIATIONS

PART 1 GENERAL

1.01 DESCRIPTION

A. This section summarizes the reference standards, definitions and abbreviations used in the
preparation of these Specifications and the Drawings.

B. Except as specifically stated otherwise in the Contract Documents, CONTRACTOR shall pay, at
his own expense, all costs and fees for permits, licenses, certificates, etc., required by regulatory
agencies, utilities, etc., for execution of work under this Contract.

C. Whenever any product is specified by references to Federal Specifications, American Society for
Testing and Materials (ASTM) Standards, or other association standards, CONTRACTOR shall
present an affidavit from the manufacturer certifying that the product complies with the particular
standard specification. All references are to be latest edition of standards at time of bid closing.
When necessary, requested or specified, supporting test data shall be submitted to substantiate
compliance.

1.02 REFERENCE STANDARDS

A. The following industry standards, reports and other documents shall be considered minimum
requirements under this specification, unless otherwise noted:
1. The rules and regulations of the Occupational Safety and Health Act

(OSHA).
2. California Occupational Safety and Health Administration (Cal OSHA)

Regulations, California Code of Regulations (CCR), Title 8, Part 5194.
3. Standards of the American Concrete Institute (ACI).
4. Standards and Specifications of the Concrete Reinforcing Steel Institute

(CRSI).
5. Standards of the American Institute of Steel Construction (AISC).
6. Standards and specifications of the ASTM.
7. Standards and specifications of the American National Standards Institute

(ANSI).
8. Standards and Specifications of the American Plywood Association (APA).
9. Uniform Building Code (UBC), 1997 edition.
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10. Standards and specifications of the Plastic Piping Institute (PPI).
1 1 . Standards and specifications of the National Sanitation Foundation,

Standard 54 - For Flexible Membrane Liners (NSF54).
12. Standard Specifications for Public Works Construction, 2003 Edition.
13. Los Angeles County Department of Public Works Standard Plans

and Specifications.
14. Title 40, Code of Federal Regulations (CFR), Part 264, SubpartN: RCRA

Requirements for Design and Construction of Hazardous Waste Landfills.
15. Title 22, California Code of Regulations (CCR), Chapter 14, Article 14.
16. Background Document on Bottom Liner Performance in Double-Lined

Landfills and Surface Impoundments (EPA, April 1987).
17. Technical Guidance Document: Final Covers on Hazardous Waste Landfills

and Surface Impoundments (EPA, July 1989).
18. Earth Manual (Bureau of Reclamation E-13 Standard).
19. Environmental Protection Agency Air Superfund National Technical

Guidance Study Series, Air Pathway Analysis, July 1989.
20. Title 27, CCR, Subdivision 1, Chapter 3.
21 . South Coast Air Quality Management District Rules.

1.03 DEFINITIONS

A. Whenever the following terms are used in these Specifications, the intent and meaning shall be
interpreted as follows:
1. OWNER: Waste Disposal, Inc. Group.
2. PROJECT COORDINATOR: The designated coordination representative

of the OWNER.
3. ENGINEER: The designated technical representative of the OWNER, TRC

or the Engineer(s) of Record, prepared the Specifications presented herein in
conjunction with the Drawings.

4. CONSTRUCTION QUALITY ASSURANCE (CQA) ENGINEER: A firm
retained by OWNER to provide CQA services required in these
Specifications and the Quality Assurance Plan.

5. CONTRACTOR(S): Individual(s), firm(s), or corporation(s) who have
entered into an agreement with OWNER. For these Specifications, the term
CONTRACTOR is interchangeable with Subcontractor.

6. MANUFACTURER(S): Individual(s), firm(s), or corporation(s) who
fabricate or produce materials, equipment, other products and supply them to
CONTRACTOR for construction.

7. CONTRACT DOCUMENTS: Includes these Specifications, Drawings, and
attachments incorporated by reference.

8. PROJECT SITE: The space available to CONTRACTOR for performance
of construction activities, either exclusively or in conjunction with others
performing other work as part of the Project. The extent of the PROJECT
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SITE may or may not be identical with the description of the land on which
the Project is to be built.

9. REGULATION: The term "REGULATION" includes laws, ordinances,
statutes, and lawful orders issued by authorities having jurisdiction, as well as
rules, conventions, and agreements within the construction industry that
control performance of the Work.

10. CALENDAR DAY: Any day of the year.
11. WORKING DAY: A calendar day, excluding Saturday, Sundays, and

OWNER'S recognized legal holidays, on which weather and other conditions
not under the control of CONTRACTOR permit construction operations to
proceed for the major part of the day, with the normal working force engaged
in performing the controlling item or items of Work which would be in
progress at that time.

12. REGULAR WORKING HOURS: Work shall be confined to a period
between 7:00 a.m. and 6:00 p.m. on allowable work days. No work shall be
performed outside of this time period without the express authorization by
OWNER or designated representative.

1.04 ABBREVIATIONS

A. The following abbreviations may be in the Contract Documents and represent the organization or
topic named. The names are believed to be correct as of the date of the Contract Documents.
AASHTO - American Association of State Highway and Transportation

Officials
ACI - American Concrete Institute
AISC - American Institute of Steel Construction
AISI - American Iron and Steel Institute
ANSI - American National Standards Institute
ASCE - American Society of Civil Engineers
ASME - American Society of Mechanical Engineers
ASTM - American Society for Testing and Materials
Cal-OSHA - California Occupational Safety and Health Administration
CCR - California Code of Regulations
CFR - Code of Federal Regulations
CMP - Corrugated Metal Pipe
CQA - Construction Quality Assurance
CRSI - Concrete Reinforcing Steel Institute
CS - Carbon Steel
DOT - Department of Transportation
DTSC - Department of Toxic Substances Control
El. or Elev. - Elevation
EPA - United States Environmental Protection Agency
FG - Finished Grade
FL - Flow Line
FML - Flexible Membrane Liner
FS - Finished Surface
HOPE - High Density Polyethylene
HSO - Health and Safety Officer
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Inv. - Invert
LADPW - Los Angeles Department of Public Works
MCL - Maximum Contaminant Level
NEC - National Electric Code
NEMA - National Electrical Manufacturers Association
NFPA - National Fire Protection Association
NSF - National Sanitation Foundation
NWWA - National Water Well Association
OSHA - Occupational Safety and Health Administration
PCA - Portland Cement Association
PPI - Plastic Piping Institute
PVC - Polyvinyl Chloride
QA/QC - Quality Assurance/Quality Control
QAPP - Quality Assurance Project Plan
RWQCB - Regional Water Quality Control Board
SCAQMD - South Coast Air Quality Management District
SD - Storm Drain
SDK - Standard Dimension Ratio
SPI - Society of the Plastics Industry
SS - Stainless Steel
UL - Underwriter's Laboratories, Inc.

* * * END OF SECTION * * *
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SECTION 01020
PROJECT COORDINATION AND MEETINGS

PARTI GENERAL

1.01 DESCRIPTION

A. This section includes a description of the following:
1. Project coordination by the PROJECT COORDINATOR.
2. Schedules.
3. Project Meetings.

1.02 RELATED SECTIONS

A. The following specifications sections should be referred to:
1. Section 01000 - Introduction, Scope of Work and General Requirements.
2. Section 01200 - Quality Assurance/Quality Control.

1.03 PROJECT COORDINATION

A. The overall PROJECT COORDINATOR shall be determined prior to beginning of closure
activities.

B. The CONTRACTOR shall cooperate with the PROJECT COORDINATOR in allocation of
mobilization areas of site; for field offices and sheds, for access, traffic, and parking facilities.

C. During construction, the CONTRACTOR shall coordinate use of the site and facilities through
the PROJECT COORDINATOR.

D. The CONTRACTOR shall comply with PROJECT COORDINATOR'S procedures for intra-
project communications; submittals, reports and records, schedules, drawings, and
recommendations; and resolution of ambiguities and conflicts.

E. The CONTRACTOR shall comply with instructions of the PROJECT COORDINATOR for
use of temporary utilities and construction facilities.
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F. The CONTRACTOR shall coordinate field engineering and layout work under instructions of
the PROJECT COORDINATOR.

1.04 SCHEDULES

A. The CONTRACTOR shall submit a preliminary Construction Progress Schedule in
accordance with Section 01400.

1.05 PROJECT MEETINGS

A. Representatives of CONTRACTOR, subcontractors, and suppliers attending meetings shall be
authorized to act on behalf of the entity each represents.

B. Preconstruction Conference:

1. The conference shall be held at a location and time selected by OWNER.

2. The conference shall be held immediately after award of contract to assure
expeditious execution of the Work.

3. The conference shall be attended by:
PROJECT COORDINATOR.
CONTRACTOR'S office representative.
CONTRACTOR'S resident superintendent.

• Any subcontractors' or suppliers' representatives whom
CONTRACTOR may desire to invite or ENGINEER may request
be present.
CQA ENGINEER'S representative.

• ENGINEER'S representatives.
• EPA's representatives, and other parties as required by EPA.

4. A suggested format would include, but not be limited to, the following subjects:
• Presentation of a proposed Construction Progress Schedule in

accordance with Section 01400.
• Check of required insurance certifications prior to Notice to Proceed.
• CONTRACTOR'S proposal for locating soil and drain rock

materials and for preconstruction testing of these materials.
• CONTRACTOR'S proposals for staging area, equipment and

personnel decontamination, and Health and Safety Plan with
associated monitoring.

• Direction of correspondence, and coordinating responsibility
between OWNER, CONTRACTOR, ENGINEER, CQA
ENGINEER, and EPA.

• Future weekly job meetings for parties involved.
• Laboratory testing of material requirements.
• Review of submittals and due dates.
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Review, discussions and approval, if appropriate, of substitutions.
Discussion of health and safety requirements.
Review of security, access and parking procedures.
Discussion of critical path items and required actions.
Schedule of values, application for payment, and progress payment
procedures.
OWNER'S site regulations.

C. Progress Meetings

1. PROJECT COORDINATOR shall schedule and administer progress meetings a
minimum of once per week and such additional meetings as may be required.

2. Attendance:
PROJECT COORDINATOR.
CONTRACTOR'S superintendent.
CQA ENGINEER.
EPA representatives, as necessary.
ENGINEER, as appropriate to the agenda.
Subcontractors, as appropriate to the agenda.
Suppliers, as appropriate to the agenda.

3. Meeting Requirements:
PROJECT COORDINATOR shall administer the following general
requirements for progress meetings:

Prepare an agenda for the meetings.
Make physical arrangements for the meetings.
Preside at the meetings.
Take the meeting minutes.
Reproduce and distribute copies of the meeting record as part of
the weekly report required in Section 01400 within one day
after each meeting to participants in the meeting and to parties
affected by decisions made at the meeting.

4. Suggested Agenda:
Review and approval of record of the previous meeting.
Review of the Work progress since the previous meeting.
Field observations, problems, and conflicts.
Problems which could potentially impede the Work schedule.
Review of offsite delivery schedules.
Corrective measures and procedures to regain the projected schedule,
if necessary.
Revisions to the construction progress schedule.
Planned progress during the upcoming Work period.
Review of health and safety issues, including monitoring.
Coordination of the schedules.
Review of submittal schedules; expedition as required.
Maintenance of quality and safety standards.
Pending changes and substitutions.
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Review proposed changes for effect on construction schedule and
completion date, and on other contracts of projects.
Other business.

* * * END OF SECTION * * *
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SECTION 01100
SURVEYING

PART 1 GENERAL

1.01 DESCRIPTION

A. This section includes a description of the following:
1. Survey.
2. Quality control of survey.
3. Submittals.
4.. Project record documents related to surveying.

1.02 RELATED SECTIONS

A. Section 01300 - Measurement and Payment: Measurement for Work requiring unit price
payment.

B. Section 01010 - Referenced Standards, Definitions and Abbreviations.

C. Section 01200 - QA/QC.

D. Section 01700 - Project Record Documents.

1.03 QUALITY ASSURANCE

A. CONTRACTOR shall employ a Land Surveyor (SURVEYOR) registered in the State of
California and acceptable to ENGINEER, to perform survey work of this section.

1.04 SUBMITTALS FOR REVIEW

A. CONTRACTOR shall submit name, address, and telephone number of SURVEYOR before
starting survey work or shop drawings.

B. On request, CONTRACTOR shall submit documentation verifying accuracy of survey work.
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C. CONTRACTOR shall submit a copy of site drawing and certificate signed by the Land
Surveyor, that the elevations and locations of the Work are in conformance with
Contract Documents.

D. CONTRACTOR shall submit evidence of SURVEYOR'S Errors and Omissions insurance
coverage in the form of an Insurance Certificate.

1.05 PROJECT RECORD DOCUMENTS.

A. CONTRACTOR shall maintain a complete and accurate log of control and survey work as it
progresses.

B. CONTRACTOR shall submit Record Documents under provisions of Section 01700.

1.06 EXAMINATION

A. CONTRACTOR and ENGINEER shall verify locations of survey control points prior to
starting work.

B. CONTRACTOR shall promptly notify ENGINEER of any discrepancies discovered.

1.07 SURVEY REFERENCE POINTS

A. CONTRACTOR shall locate and protect survey control and reference points.

B. CONTRACTOR and SURVEYOR shall protect survey control points prior to starting site
work; preserve permanent reference points during construction.

C. CONTRACTOR shall promptly report to PROJECT COORDINATOR the loss or
destruction of any reference point or relocation required because of changes in grades or other
reasons.

D. CONTRACTOR shall replace dislocated survey control points based on original survey
control and make no changes without prior written notice to ENGINEER.
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1.08 SURVEY REQUIREMENTS

A. CONTRACTOR'S SURVEYOR shall establish two permanent bench marks on site,
referenced to established control points. SURVEYOR shall record locations, with horizontal
and vertical data, on project record documents.

B. SURVEYOR shall establish elevations, lines and levels as shown in the Drawings.

1.09 SURVEYS FOR MEASUREMENT AND PAYMENT

A. SURVEYOR shall perform surveys to determine quantities of unit cost work, including
control surveys to establish measurement reference lines. SURVEYOR shall notify PROJECT
COORDINATOR prior to starting work.

1.10 SURVEY ACCURACY

A. Survey accuracy for rough grading shall be ±0.1 foot. All other survey work shall be accurate
to ±0.1 feet horizontal and vertical.

* * * END OF SECTION * * *
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SECTION 01200
QUALITY ASSURANCE/QUALITY CONTROL

PART 1 GENERAL

1.01 DESCRIPTION

A. This section includes an overview of quality control of construction and installation, tolerances,
references, inspecting and testing laboratory services, and MANUFACTURER'S field services
and reports.

B. Refer to the CQA Plan, which must be approved by the ENGINEER for procedures and
documentation requirements for CQA. The CQA Plan shall include, as a minimum,
the following:
1. A statement of the purpose and objectives of CQA.
2. Description of the roles, responsibilities and authority of each party

(i.e., CONTRACTOR, ENGINEER, CQA ENGINEER, PROJECT
COORDINATOR, and OWNER).

3. An outline of the process for implementation (e.g., flow diagram).
4. Reference to the relevant standards, codes and methods to be used for

quality control testing.
5. A description of the observations, testing, notification, corrective action and

documentation requirements.
6. A procedure for formal design change requests and approvals.
7. Discussion of the necessary coordination between CONTRACTOR,

ENGINEER, CQA ENGINEER, PROJECT COORDINATOR, OWNER
and reviewing agencies.

1.02 QUALITY CONTROL OF CONSTRUCTION AND INSTALLATION

A. Construction quality control includes:
1. Monitoring by CQA ENGINEER of suppliers, manufacturers, materials,

services, site conditions and workmanship, to produce work of specified
quality.

2. CONTRACTOR compliance with MANUFACTURER'S instructions,
including each step in sequence.

3. Should MANUFACTURER'S instructions conflict with Contract
Documents (Specifications and Drawings), the CONTRACTOR shall
request clarification from the ENGINEER before proceeding.
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4. CONTRACTOR compliance with specified standards as a minimum
quality for the Work except where more stringent tolerances, codes or
specified requirements indicate higher standards or more precise
workmanship.

5. Work performed by persons qualified to produce workmanship of
specified quality.

B. Testing standards and frequencies for specific work elements (e.g., structural fill, geosynthetics)
are provided in individual Division 2 - Site Work Specification sections.

C. Quality Assurance Procedures are provided in the CQA Plan.

1.03 TOLERANCES

A. Tolerances shall be controlled during construction and installation of materials to produce
acceptable work. Specific work element tolerances are provided in relevant Division 2-Site
Work Specification sections. Tolerances shall not be permitted to accumulate.

B. CONTRACTOR shall comply with MANUFACTURER'S tolerances. Should
MANUFACTURER'S tolerances conflict with Contract Documents, the CONTRACTOR shall
request clarification from ENGINEER before proceeding.

C. Materials shall be adjusted to appropriate dimensions and positioned before securing in-place.

1.04 REFERENCES

A. Refer to Section 01010 and individual Specification sections for specific reference standards.

B. CONTRACTOR shall conform to reference standard by date of current issue except where a
specified date is given in a code.

C. CONTRACTOR shall obtain copies of standards where required by material
Specification sections.

D. Retesting required because of nonconformance to specified requirements shall be performed
on instructions by ENGINEER. Payment for retesting shall be charged to CONTRACTOR
by deducting inspecting or testing charges from the contract sum/price.
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1.05 CONSTRUCTION ACCEPTANCE

A. CONTRACTOR shall retain ownership and responsibility for the materials used in construction
until acceptance by OWNER. At OWNER'S discretion, the Work may be accepted in sections
or at points of substantial completion. CQA ENGINEER is responsible for determining and
documenting the Work complies with the Construction Documents.

B. The construction shall not be accepted by ENGINEER and OWNER before:
1. The installation of a construction element, or section thereof, is finished.
2. Verification of the adequacy of testing is completed.
3. Documentation of construction and test results are completed and reviewed.

C. CQA ENGINEER shall certify that construction has proceeded in accordance with the
Construction Documents except as noted to ENGINEER and OWNER.

* * * END OF SECTION * * *
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SECTION 01300
MEASUREMENT AND PAYMENT

PARTI GENERAL

1.01 DESCRIPTION

A. CONTRACTOR, in compliance with the invitation to bid for this project, acknowledges
examining the Contract Documents. In addition, the CONTRACTOR acknowledges having
inspected the site of the proposed Work, and being familiar with the conditions surrounding the
project, including the availability of equipment, materials, and labor. Hereby, CONTRACTOR
shall furnish all labor, materials, equipment and supplies to complete the project in accordance
with the Contract Documents within the duration set forth in Section 01400, at the prices stated in
the Bid Schedule. These unit prices are to cover all expenses incurred in performing the Work
required under the Contract Documents.

B. Unit prices shall be presented in both words and figures. In case of discrepancy, the unit price
shown in words shall govern.

C. The unit price shall include all labor, products, materials (as specified), temporary facilities, taxes,
equipment, hauling, excavating, onsite cuttings and buried waste reconsolidation, offsite rubbish
and debris disposal, installation of the Work, overhead, profit, insurance, bonds, etc., necessary to
complete the finished Work specified.

1.02 AUTHORITY

A. Measurement methods delineated in the Bid Schedule are intended to complement the criteria of
this section. In the event of a conflict, the requirements of the individual Specification section
shall govern.

B. CONTRACTOR shall measure and compute the quantities of all Bid work items. PROJECT
COORDINATOR or his REPRESENTATIVE shall verify measurements and quantities.
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1 .03 MEASUREMENT OF QUANTITIES

A. PROJECT COORDINATOR or his REPRESENTATIVE shall compute final in-place quantities
based upon survey data and observation for each item listed in the Bid Schedule. The following
methods shall be used for the computations.
1 . Measurement for payment of lump sum Work items listed in the Bid

Schedule shall be based upon an estimated percent complete of the work
item.

2. Measurement for payment of Work items listed in the Bid Schedule to be
paid at a unit price per lineal foot shall be based on the length shown in the
Drawings unless the length has been modified and approved by the
ENGINEER and PROJECT COORDINATOR. Modified lengths shall be
determined by survey made jointly by both CONTRACTOR and PROJECT
COORDINATOR. Any discrepancies in measured lengths shall be resolved
prior to submittal of quantities for payment.

3. Measurement for payment of Work items listed in the Bid Schedule to be
paid at a unit price per square foot shall be based on the area in square feet as
calculated from dimensions shown in the Drawings, except geosynthetics,
unless the dimensions have been modified and approved by ENGINEER and
PROJECT COORDINATOR. Modified dimensions shall be determined by
survey made jointly by both CONTRACTOR and PROJECT
COORDINATOR. Geosynthetics (geomembrane, geocomposite, filter
fabric) quantities actually placed shall be determined by survey. The square
footage shall be calculated independently by both CONTRACTOR and
PROJECT COORDINATOR and any discrepancies resolved prior to
submittal of quantities for payment.

4. Measurement for payment of Work items listed in the Bid Schedule to be
paid at a unit price per cubic foot or cubic yard shall be based on the volume
in cubic feet or cubic yards as calculated from dimensions shown in the
Drawings, unless the dimensions have been modified and approved by
ENGINEER and PROJECT COORDINATOR. Modified dimensions shall
be determined by survey. The volume shall be calculated independently by
both CONTRACTOR and PROJECT COORDINATOR and any
discrepancies resolved prior to submittal of quantities for payment.

1.04 PAYMENT

A. Payment for the Work governed by unit prices shall be made on the basis of the actual
measurements and quantities accepted by the PROJECT COORDINATOR multiplied by the unit
prices shown on the Bid Schedule for the Work, less any liquidated damages or subcontractor
costs related to repair of damaged systems.

1 .05 DEFECT ASSESSMENT

A. CONTRACTOR shall replace the Work or portions of the Work not conforming to specified
requirements at no additional cost.
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B. If, in the opinion of the ENGINEER or OWNER, it is not practical to remove and replace
the Work:
• The defective Work shall be repaired in accordance with the instructions of

ENGINEER, and the lump sum/unit price shall be adjusted to a new lump
sum/unit price at the discretion OWNER.

1.06 NONPAYMENT FOR REJECTED PRODUCTS

A. Payment shall not be made for any of the following reasons:
Products wasted or used in a manner that is not acceptable.
Products determined to be unacceptable before or after placement.
Products not completely unloaded from the transporting vehicle.
Products placed beyond the lines and levels of the required Work.
Products remaining on hand after completion of the Work.
Loading, hauling and disposing of rejected or surplus products.

PART 2 EXECUTION

2.01 METHOD OF MEASUREMENT AND PAYMENT

A. All Work to be paid for at a contract unit price shall be verified by the PROJECT
COORDINATOR in accordance with United States Standard measures in the specified units.
For each bid item described in the Bid Schedule, it is understood that the CONTRACTOR shall
include with that item all labor, equipment, material, painting, cleanup, safety measures, or
anything else that may be required to successfully complete the Work. It is also understood that
all work is to be completed in compliance with the Contract Documents.

B. Full compensation for all expenses shall be considered to be included in the unit prices paid for
the bid items being measured. No additional compensation shall be allowed.

C. The method of measurement and payment, as described herein is for each item that appears in the
Bid Schedule.

* * * END OF SECTION * * *
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SECTION 01400
CONSTRUCTION PROGRESS SCHEDULE

PARTI GENERAL

1.01 DESCRIPTION

A. An estimated Construction Progress Schedule shall be prepared by CONTRACTOR and
submitted to PROJECT COORDINATOR for review.

1. An estimated Construction Progress Schedule shall be submitted to PROJECT
COORDINATOR with the bid.

2. PROJECT COORDINATOR and CONTRACTOR shall review the schedule and
make revisions (if necessary) to meet project deadlines.

1.02 CONSTRUCTION PROGRESS SCHEDULE

A. Form of Schedule:

1. The Construction Progress Schedule shall be prepared in form of a horizontal bar
chart. The schedule shall include the following items:

a. A separate horizontal bar for each Work activity.
b. A horizontal time scale which divides the Work into weekly periods.

2. Work activities shall be arranged in chronological order of start for each item of
the Work.

B. The Construction Progress Schedule shall include the following items:

1. A complete sequence of construction by Work activity.

2. Dates for beginning and completion of each major element of construction and
installation dates for major items. Elements shall include, but not be limited to, the
following:
a. Project start date.
b. Preconstruction meeting.
c. Mobilization.
d. Preconstruction testing of soil, drain rock and other materials.
e. Shop drawing receipt from supplier/manufacturer submitted to

ENGINEER, review and return to supplier/manufacturer,
f. All submittals called for in these Specifications,
g. Material order, manufacturer, delivery, installation, and checkout,

including allowance items,
h. Site access construction.
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i. Installation of temporary facilities (field offices and materials
storage).

j. Subgrade preparation,
k. Structural fill placement.
1. Brow ditch construction,
m. French drain (drainage trench) construction,
n. Gas barrier single-sided geocomposite installation,
o. Gas collection piping systems installation,
p. Geosynthetic clay layer installation,
q. Flexible membrane cover installation.
r. Drainage single-sided geocomposite (drainage layer) installation.
s. Drainage trench pipe installation,
t. 8-ounce filter geotextile installation,
u. Drain rock backfilling in drainage trench,
v. Rehabilitation of existing asphalt pavement in the engineered asphalt

pavement cover areas,
w. Rehabilitation of existing concrete pavement in the engineered

concrete pavement cover areas,
x. Installation of biovent passive gas control wells,
y. Installation of existing building foundation passive gas vent systems,

if required.
z. Installation of leachate monitoring/control wells,
aa. Extension of existing soil gas and ground water monitoring wells,
bb. Abandonment of designated existing soil gas and ground water

monitoring wells.
cc. Precast catch basin installation,
dd. Storm drain pipe installation.
ee. Catch basin tie-in construction,
ff. Fence construction,
gg. Surface vegetation placement,
hh. Irrigation system installation,
ii. Site cleanup and demobilization.

C. A Preliminary Schedule for the Waste Disposal, Inc. site closure is provided in Figure 5 for
reference. CONTRACTOR shall review this schedule in the course of preparation of the
Construction Progress Schedule.

D. Schedule Revisions:

1. CONTRACTOR shall submit a revised Construction Progress Schedule every
seven days and shall show the following:

a. Progress of each activity upon date of schedule revision.
b. Major changes in scope.
c. Activities modified since previous submittal.
d. Revised projections of progress and completion.
e. Other identifiable changes.

2. All schedule revisions shall be submitted to PROJECT COORDINATOR for
review and approval and subsequently distributed to the CQA ENGINEER, and
regulatory authorities as required by OWNER.
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1.03 CONSTRUCTION WORK SCHEDULE

A. CONTRACTOR shall prepare and submit detailed weekly work schedules to PROJECT
COORDINATOR by Friday afternoon at 2:00 p.m. for the following week's work.

1.04 DELAYS AND RECOVERY

A. If, at any time during the Project, CONTRACTOR fails to complete an activity by its latest
scheduled completion date, CONTRACTOR shall, within three working days, submit to
PROJECT COORDINATOR a written statement as to how and when CONTRACTOR shall
reorganize the work force to return to the current construction schedule.

B. Whenever it becomes apparent from progress evaluation and updated schedule data that
milestone completion dates and/or contract completion dates shall not be met, CONTRACTOR
shall take some or all of the following actions:
1. Increase construction staffing in such quantities and crafts as shall

substantially eliminate backlog of work.
2. Increase number of working hours per shift, shifts per work day, work

days per week, amount of construction equipment, or combination of
foregoing sufficient to substantially eliminate backlog of the Work.

3. Reschedule the Work items to achieve concurrence of accomplishment.

C. Under no circumstances shall the addition of equipment or construction forces, increasing
working hours or any other method, manner or procedure to return to current Construction
Progress Schedule be considered justification for additional payment, contract modification or
treated as an acceleration.

D. To the fullest extent permitted by law, CONTRACTOR shall indemnify, save, defend and hold
harmless OWNER, its parents and affiliates, and all of their officers, directors, employees and
agents, from and against any required payment of any stipulated or other penalty or fine
pursuant to any applicable governmental requirements or orders, or legal instrument or process
of any court, agency or other governmental entity, which arises out of CONTRACTOR'S
negligence or any failure of CONTRACTOR to perform in accordance with the provisions of
the Contract. The amount of any such penalty or fine may, at OWNER'S election, be deducted
from any amount due and owing to CONTRACTOR under this Bid Document and Contract.

* * * END OF SECTION * * *
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SECTION 01410
SUBMITTALS

PARTI GENERAL

1.01 DESCRIPTION

A. This section specifies procedural requirements for Work-Related submittals including Shop
Drawings, substitutions, product/material data, samples, and other miscellaneous Work-Related
submittals.

B. Types of Work-Related Submittals:

1. Substitutes or "Or Equal" Items:

a. Includes material or equipment the CONTRACTOR requests the
ENGINEER to accept as a substitute for items specified or described by
using proprietary name or name of a particular Supplier.

2. Shop Drawings:

a. Includes technical data and drawings specially prepared for this project,
including fabrication and installation drawings, diagrams, actual performance
curves, data sheets, schedules, templates, patterns, reports, instructions, design
mix formulas, measurements, and similar information not in standard printed
form.

3. Product/Material Data:

a. Includes standard printed information on manufactured products, and
systems that have not been specially prepared for this project, including
manufacturer's product specifications and installation instructions, catalog
cuts, standard wiring diagrams, printed performance curves, mill reports, and
standard color charts.

4. Samples:

a. Includes natural materials (soil and drain rock), examples of fabricated and
manufactured materials, products, and units of work, includes complete units,
partial cuts of manufactured or fabricated work, and units of work to be used
for independent inspection and testing.
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5. Miscellaneous Submittals:

a. Work-related submittals that do not fit in the four previous categories,
including guarantees, warranties, certifications, experience records,
maintenance agreements, workmanship bonds, survey data and reports,
physical work records, quality testing and certifying reports, copies of
industry standards, record drawings, field measurement data, and materials
applicable to the Work.

C. The CONTRACTOR'S responsibilities shall include the following.

1. Review Shop Drawings, product data, and samples prior to submittal.

2. Determine and verify:
a. Field measurements.
b. Field construction criteria.
c. Catalog numbers and similar data.
d. Conformance with Specifications.

3. Coordinate each submittal with requirements of the Work and
Contract Documents.

4. Notify the PROJECT COORDINATOR in writing, at the time of the submittal, of
deviations from requirements of Contract Documents.

5. Designate in the Construction Progress Schedule (see Section 01400), dates for
submittal and receipt of review.

1.02 SUBMITTAL PROCEDURES

A. Scheduling:

1. The CONTRACTOR shall include a submittal schedule in the Construction
Progress Schedule.

2. Each submittal shall be prepared and transmitted to the PROJECT
COORDINATOR sufficiently in advance of the scheduled performance of the
related work and other applicable activities.

B. Coordination:

1. Preparation and processing of submittals shall be coordinated with the performance
of the Work. Coordinate each separate submittal with other submittals and related
activities such as substitution requests, testing, purchasing, fabrication, delivery, and
similar activities that require sequential activity.

2. Submittal of different units of interrelated work shall be coordinated so that one
submittal shall not be delayed by the ENGINEER'S need to review a related submittal.
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ENGINEER reserves the right to withhold action on any submittal requiring
coordination with other submittals until the related submittals are forthcoming.

C. Submittal Preparation:

1. Stamp and sign each submittal certifying review of submittal, verification of products,
field measurement, field construction criteria, and coordination of information within
submittal with requirements of the Work and the Contract Documents.

2. Transmittal form must contain the following:
a. Date of submittal and dates of previous submittals.
b. Project title and number,
c. Contract identification,
d. Names of:

• CONTRACTOR
• Supplier
• Manufacturer

e. Summary of items contained in the submittal.
f. Identification of the product with identification numbers, and the

Drawing and Specification section numbers,
g. Clearly identified field dimensions,
h. Details required on the Drawings and in the Specifications,
i. Manufacturer, model number, dimensions, and clearances, where

applicable.
j. Relation to adjacent or critical features of the Work or materials,
k. Applicable standards, such as ASTM numbers.
1. Identification of deviations from Contract Documents,
m. Identification of revisions on resubmittals.
n. Blank space for ENGINEER'S stamp.

3. Refer to individual Specification sections for specific requirements. A submittal is the
final submittal unless returned by ENGINEER or PROJECT COORDINATOR,
marked with "Action" indicating observed noncompliance.

4. In addition to copies desired for CONTRACTOR'S use, furnish three executed copies.

D. Other Submittals:

1. Plans and Schedules:

a. Health and Safety Plan (see Section 01600) shall be prepared and submitted
at least 15 days prior to commencing site work.

b. Stormwater Runoff Control Plan (see Section 02030) shall be prepared and
submitted at least 15 days prior to commencing site work.

c. Construction Progress Schedule (see Section 01400) shall be prepared and
submitted with CONTRACTOR'S bid.
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d. Geomembrane, Geocomposite and Geotextile Placement Plans shall be
submitted no later than 15 days prior to the installation of geotextile materials
(see Sections 02200, 02210, and 02230).

e. Fencing plan shall be submitted no later than 20 days prior to the system
installation.

2. Guarantees and Warranties:

a. Refer to individual Specification sections for specific requirements.
A submittal is the final submittal unless returned by ENGINEER or
PROJECT COORDINATOR, marked with "Action" indicating observed
noncompliance.

b. In addition to copies desired for CONTRACTOR'S use, furnish three
executed copies.

3. Survey Data:

a. CONTRACTOR shall submit an As-Built Survey of the construction
facilities, grades, etc. prepared by an independent survey company approved
by PROJECT COORDINATOR.

4. Standards:

a. Where a copy of a submittal is indicated, and except where copies of
standards are specified as an integral part of a "Product Data" submittal,
submit a single copy to ENGINEER. Where workmanship at the Project Site
or elsewhere is governed by the standard, furnish additional copies to
fabricators, installers, and others involved in the work performance.

5. Certifications and Conformance and Destructive Test Results:

a. Refer to individual specification sections for specific requirements on
submittal of certifications and conformance test results. Certifications are
submitted for review of conformance with specified requirements and
information. Submittal is final unless returned by the CQA ENGINEER or
PROJECT COORDINATOR, marked for "Action."

* * * END OF SECTION * * *
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SECTION 01500
CONSTRUCTION SITE MAINTENANCE,

TEMPORARY CONSTRUCTION FACILITIES AND UTILITIES

PARTI GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall maintain the construction site surface, access, fencing and other security
controls, material stockpiles, partially completed work, equipment and any other items onsite in
a neat, orderly and safe condition at all times. Particular attention and care shall be given to
dust control, as described in Section 02050.

B. CONTRACTOR shall furnish, install, and maintain temporary facilities and utilities required
for construction, and remove such items upon completion of the Work.

1.02 REQUIREMENTS OF REGULATORY AGENCIES

A. CONTRACTOR shall comply with the relevant portions of National Fire Protection
Association (NFPA) regulations and National Electric Code.

B. CONTRACTOR shall comply with federal, state, and local codes and regulations, as well as
utility company requirements.

1.03 CONSTRUCTION SITE MAINTENANCE

A. It is the intent of these Specifications that throughout construction, the CONTRACTOR shall
keep all areas clear of debris, refuse or construction materials that render the construction area
visually and/or odor offensive.

B. Throughout the period of construction CONTRACTOR shall keep the work site clean of
rubbish and debris, and shall promptly remove from any portion of the site unused materials,
surplus materials and debris.
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C. Upon completion of the work, and prior to final acceptance (within the allowable construction
time), CONTRACTOR shall remove from the vicinity of the Work all surplus material and
equipment belonging to CONTRACTOR or used under his direction (e.g., by subcontractors)
during construction, shall clean the site, and remove rubbish and debris.

PART 2 MATERIALS

2.01 TEMPORARY ELECTRICITY AND LIGHTING

A. General:

1. The CONTRACTOR shall be responsible for providing extensions to existing
electric power drops for necessary temporary electrical power, including
temporary wiring, distribution, inspection and safety and removal of such
temporary facility upon completion of the Work. CONTRACTOR shall pay for
electrical power necessary for performance of the Work.

2. Temporary lighting shall be supplied by CONTRACTOR and must be sufficient
to enable CONTRACTOR to complete the Work, and for OWNER and
CQA ENGINEER to check the Work as it is being performed.

2.02 TELEPHONE SERVICE

A. CONTRACTOR shall be required to supply its own telephone services.

2.03 SAFETY EQUIPMENT

A. CONTRACTOR shall provide and install first aid kits and other safety equipment for its
employees' use in readily accessible locations and in accordance with the requirements of the
Occupational Safety and Health Administration (OSHA) and Project Health and Safety Plan.

B. CONTRACTOR shall provide fire extinguishers of the type and capacity required by pertinent
safety and other regulations to protect the site and ancillary facilities in the vicinity of the
Work. Fire extinguishers shall be placed in readily accessible locations.
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2.04 WATER FOR CONSTRUCTION

A. Water for construction shall be provided by CONTRACTOR at existing public sources (e.g.
fire hydrants).
t

E. CONTRACTOR shall be responsible to haul water from these locations for use to accomplish
the Work.

C. Potable water shall be supplied by CONTRACTOR.

D. Water should be used conservatively and only for purposes identified herein.

E. CONTRACTOR is responsible for sampling and testing prior to disposal and for disposing
all wastewater generated during execution of the Work which has come in contact with
contaminated soils.

2.05 WARNING DEVICES AND BARRICADES

A. For the duration of construction, CONTRACTOR shall provide and maintain warning signs
and devices and, where necessary, physical barriers and barricades and other temporary
construction controls necessary for protection of persons and property in accordance with
pertinent safety and other regulations.

2.06 TEMPORARY SANITARY FACILITIES

A. CONTRACTOR shall provide temporary sanitary toilet facilities conforming to state and local
health and sanitation regulations, in sufficient number for use by CONTRACTOR'S
employees, OWNER, ENGINEER, subcontractor and other site visitors.

B. CONTRACTOR shall maintain the facilities in sanitary condition and supplied with
toilet paper.

C. CONTRACTOR shall remove the facilities from the site upon completion of the Work.
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2.07 DAMAGE TO EXISTING PROPERTY

A. CONTRACTOR shall be responsible for replacing or repairing damage to existing buildings,
sidewalks, roads, parking lot surfacing, site facilities and buildings, stored lumber and other
existing assets.

B. All structures, utilities, sidewalks, pavements, and other facilities shall be protected from
damage caused by settlement, lateral movement, washout, and other hazards created by
operations under this Work.

2.08 SECURITY

A. CONTRACTOR shall be held responsible for loss or injury to persons or property where
Work performed by CONTRACTOR is concerned. CONTRACTOR shall provide such
security and take such precautionary measures, as deemed necessary, to protect
CONTRACTOR'S and OWNER'S interests.

2.09 TEMPORARY PARKING

A. Designated areas onsite may be used for parking of construction personnel's private vehicles
and the CONTRACTOR'S light-weight vehicles.

1. Heavy vehicles or construction equipment shall not be allowed in the
parking areas.

B. The CONTRACTOR(s) shall make arrangements with the PROJECT COORDINATOR for
use of onsite parking areas.

2.10 FIELD OFFICES AND BUILDINGS

A. As directed by OWNER, CONTRACTOR shall erect an approved area of the site and maintain
in good condition temporary field offices and tool storage building(s) for use by
CONTRACTOR, OWNER, ENGINEER, CQA ENGINEER and subcontractors. Building
and facilities to be provided include:
1. Two office/conference rooms (one for CONTRACTOR, one for

ENGINEER), at least 20 feet by 12 feet.
2. Water for washing and decontamination of sampling and other equipment.
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3. Indoor and outdoor space lighting.

B. Tool storage building(s) shall be of ample size to provide space for tools and equipment.
Building(s) shall be neat and well constructed, surfaced with plywood, drop siding, masonite or
equivalent material, well painted and void of advertisements.

PARTS EXECUTION

3.01 GENERAL

A. Temporary construction facilities and utilities shall be maintained and operated to ensure
continuous service.

B. Facilities and utilities may be modified and extended as the Work progress requires.

3.02 DUST CONTROL

A. During grading, trenching and/or drilling, all working areas, excavated material and unpaved
roadways shall be watered down until the surface is moist, and then maintained in a moist
condition to minimize dust. Specification Section 02050 provides more detail for dust
control requirements.

3.03 STORMWATER RUNOFF CONTROL

A. Stormwater runoff control shall be furnished by CONTRACTOR during execution of the
Work as described in Section 02030. The objective of the stormwater control is to prevent
sediment runoff from disturbed areas, prevent runoff from the soil excavation areas, and to
prevent contact between rainwater and contaminated soils.

3.04 TEMPORARY SITE ACCESS

A. Designated temporary site access shall be prepared by CONTRACTOR during construction
activities. Specification Section 02070 provides details.
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3.05 PROTECTION OF THE PUBLIC AND PROPERTY

A. The CONTRACTOR shall adopt every practical means and comply with all laws and
regulations in order to minimize interferences to traffic, and inconveniences and discomfort to
the public, including provisions for adequate dust control measures.

B. The CONTRACTOR shall not trespass upon private property and shall be responsible for all
injury or damage to persons or property directly or indirectly resulting from its operations in
completing the Work. The CONTRACTOR shall comply with the laws and regulations of the
OWNER, County, and State relating to the safety of persons and property, and shall be held
responsible for, and required to make good on, any injury or damage to persons or property
caused by carelessness or neglect on the part of the CONTRACTOR or its subcontractor(s), or
agent or employee of either during the progress of the Work and until its final acceptance.

C. The CONTRACTOR shall protect pipes, sewer conduits, electrical conduits, lawns, gardens,
shrubbery, trees, fences, overhead lines, or other structures, utilities or property, public and/or
private, encountered in this Work against injury except as stipulated elsewhere herein. The
CONTRACTOR shall be responsible and liable for any injury to such pipe, structures, utilities,
vegetation and property and shall restore them to a condition equal to or better than the original
at the CONTRACTOR'S expense.

3.06 REMOVAL

A. Temporary facilities and utilities no longer in use shall be removed.

B. CONTRACTOR shall clean and repair damage caused by temporary installations or use of
temporary facilities.

C. CONTRACTOR shall restore existing or permanent facilities used for temporary services to
specified or original condition.

* * * END OF SECTION * * *

30747/100% Specs (3/24/03) 01500-6 1 fWl*
Cusfomer-Focusec/ Solutions



SECTION 01510
MATERIAL AND EQUIPMENT

STORAGE AND HANDLING

PARTI GENERAL

1.01 DESCRIPTION

A. Material incorporated into the Work must:
1. Conform to applicable Specifications and standards.
2. Comply with size, make, type, and quality specified or as specifically

approved by ENGINEER in writing.

B. Manufactured and fabricated materials must be:
1. Designed, fabricated, and assembled in accordance with referenced

standards.
2. Manufactured so that like items are standard sizes and gauges and can

be interchanged.
3. Manufactured so that two or more items of same kind are identical and

produced by the same manufacturer.

C. Material sizes, dimensions, and properties shown or specified shall be adhered to, unless
variations are specifically approved, in writing, in accordance with Section 01410, Submittals.

D. Material shall be designed, stored and maintained for operations in hot weather and heavy rain.
As required, insulation, waterproofing, protective covers, shall be provided for each material.

E. CONTRACTOR shall use material or equipment only for the purpose for which it is designed
or specified.

1.02 REUSE OF EXISTING MATERIAL

A. Except as specifically indicated or specified, materials removed from existing structure(s) shall
not be used in new work.
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1.03 MANUFACTURER'S INSTRUCTIONS

A. When the Contract Documents require that installation of furnished materials shall comply
with manufacturer's instructions, printed copies of such instructions shall be obtained and
distributed to parties involved in the installation, including two copies to ENGINEER.
1. One set of complete instructions shall be maintained at the job site during

installation and until completion of the Work.

B. Materials shall be installed, connected, cleaned, conditioned, and adjusted in accordance with
manufacturer's written instructions and in conformity with the Specifications.
1 . Should job conditions or specified requirements conflict with

manufacturer's instructions, ENGINEER shall be consulted for further
instructions. Work shall not proceed without written instructions from
ENGINEER.

2. Instructions and operations and maintenance procedures shall be
submitted to PROJECT COORDINATOR.

1 .04 TRANSPORTATION AND HANDLING

A. Deliveries of materials shall be arranged and coordinated, in accordance with the Construction
Progress Schedule, to avoid conflict with the Work and conditions at the site.
1 . Materials shall be delivered in undamaged condition, in the manufacturer's

original containers or packaging, with the identifying labels intact and
legible.

2. Immediately upon delivery, shipments shall be inspected to ensure
compliance with Contract Documents and approved submittals, and to
ensure that products have been protected and are undamaged.

3. PROJECT COORDINATOR shall be notified prior to delivery of
materials.

B. Equipment and personnel required to handle materials shall be supplied by CONTRACTOR.
Methods recommended by manufacturer to prevent soiling or damage to materials or
packaging shall be employed during handling.

1 .05 STORAGE AND PROTECTION

A. Contractor shall make all arrangements and provisions necessary for the storage of materials.
All excavated materials, construction equipment, and materials to be incorporated into the Work
shall be placed so as not to injure any part of the Work or existing facilities and so that free
access can be had at all times to all parts of the Work and to all utility service company
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installations in the vicinity of the Work. Materials shall be kept neatly and compactly stored
in locations that shall cause a minimum of inconvenience to other contractors, tenants
and occupants.

B. Onsite storage areas shall provide protection of materials from inclement weather including
high winds, heavy rain and ultraviolet light.

C. Areas available on the construction site for storage of material shall be as shown, specified or
approved by PROJECT COORDINATOR.

D. OWNER assumes no responsibility for materials stored onsite. CONTRACTOR assumes
full responsibility for damage due to storage of materials.

E. Do not open manufacturer's containers until time of installation unless recommended by the
manufacturer or otherwise specified.

F. Exterior storage requirements are as follows:

1. Fabricated materials shall be stored above ground, on blocking or skids, to prevent
soiling or staining. Materials subject to deterioration shall be covered with
impervious sheet coverings, adequate ventilation shall be provided to avoid
condensation under the covering.

2. Loose granular materials shall be stored in a well-drained area on solid surfaces
to prevent mixing with foreign matter.

3. Materials such as pipe shall be stored on pallets or racks, aboveground.

G. Storage should be arranged in a manner which provides easy access for inspection and
inventory. Periodic inspections of stored materials shall be made by the CONTRACTOR and
CQA ENGINEER to assure materials are maintained under specified conditions and are free
from damage or deterioration, and to assure coverings are in-place and provide the
required protection.

H. CONTRACTOR shall assume responsibility for protection of completed construction, and
shall repair and restore damage to completed Work equal to the original condition.

* * * END OF SECTION * * *
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SECTION 01600
HEALTH AND SAFETY

PARTI GENERAL

A. It shall be the responsibility of CONTRACTOR to develop a site-specific Health and Safety
Plan for the Work. The plan must conform to 29 CFR 1910.120. The Health and Safety Plan
shall address, but is not limited to:
1. Introduction and Purpose
2. Applicable Laws and Regulations
3. Onsite Organization and Coordination
4. Medical Surveillance Program
5. Chemicals of Concern
6. Activities Hazard Analysis
7. Site Control, Work Zones, and Security Measures
8. General Safe Work Practices
9. Training
10. Personnel Protective Equipment
11. Onsite Workplans
12. Standard Operating Safety Procedures
13. Communication Procedures
14. Monitoring Plan (Personnel and Environment)
15. Decontamination Procedures
16. Work Disruption Notification Procedures
17. Onsite Worker and Community Safety
18. Emergency Response Plan, including:

a. Contingency Plan
b. Identification and responsibilities of an Emergency Coordinator
c. Coordination with persons or organizations responsible for offsite

emergency response (e.g., fire departments)
19. Recordkeeping
20. Requirements for Subcontractors
21. Procedures for Special Activities

The monitoring portion of the Health and Safety Plan shall include monitoring programs to
assure effective dust control.

B. Summary information regarding onsite potential chemical hazards is included in the Health and
Safety Plan, which is provided as a reference to the CONTRACTOR. Additional data or
relevant information of onsite chemical hazards can be obtained by CONTRACTOR as
necessary from the PROJECT MANAGER.
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C. CONTRACTOR shall prepare the Health and Safety Plan for submittal to the Department of
Toxic Substances Control (DTSC) and EPA for their approval. The Health and Safety Plan
shall be reviewed by the ENGINEER and OWNER and approved prior to submittal to the
relevant agencies. Approval by OWNER, however, does not relieve CONTRACTOR of the
responsibility to obtain approval of the plan from the review agencies. Revisions to the plan as
required by OWNER or EPA shall be the responsibility of CONTRACTOR.

* * * END OF SECTION * * *
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SECTION 01700
PROJECT RECORD DOCUMENTS

PART 1 GENERAL

1.01 DESCRIPTION

A. OWNER shall have the right to access all records, such as correspondence and claims that are
maintained onsite or at any other locations by CONTRACTOR.

B. One current record copy of the following shall be maintained for OWNER:
1. Drawings.
2. Specifications.
3. Addenda.
4. Change orders and other modifications to the Contract.
5. Field orders, written instructions, or clarifications.
6. Approved submittals.
7. Field test records.
8. All associated permits.
9. Certificates of inspection and approvals.

1.02 MAINTENANCE OF DOCUMENTS AND SAMPLES

A. Documents shall be maintained in a clean, dry, legible condition and in good order. Record
documents shall not be used for construction purposes.

B. Documents and samples shall be available at all times for inspection by PROJECT
MANAGER, CQA ENGINEER or ENGINEER.

C. Failure to properly maintain the record documents may be reason to delay a portion of the
progress payments until the records comply with the Contract Documents.

1.03 RECORD DOCUMENTS

A. A record set of as-built drawings and specifications that have been legibly changed to transfer
approved modifications in the completed Work that differs from the Contract Documents
shall be maintained by CONTRACTOR.

B. Each document shall be labeled "PROJECT RECORD" in neat, large printed letters.
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C. Information shall be recorded concurrently with construction progress.
1. No Work shall be covered over or concealed until the required information

is recorded.
2. Changes made by written amendment, field order, change order, or a

work directive change shall be recorded.

D. As-built drawings shall include the following information:
1. Horizontal and vertical locations of underground facilities and

appurtenances, referenced to permanent surface improvements.
2. Field changes.
3. Details not on the original Drawings.
4. Location and identification of the exposed underground piping.

E. At completion of the Work:

1. Using data accumulated on blue line prints, CONTRACTOR shall have drafted a set
of record drawings of the project, placing all information on reproducible mylar for
the OWNER'S final record. These drawings shall be suitable for ENGINEER'S use
in revising the CAD Drawings (as necessary) to reflect the as-built conditions.

1.04 SUBMITTALS

A. At Substantial Completion:
1. One set of record drawings shall be delivered to OWNER.
2. Documents described in Paragraph 1.01 shall be delivered to OWNER.

B. Submittals shall be accompanied with a transmittal letter, in duplicate, which contains the
following:
1. Date.
2. Project title and number.
3. CONTRACTOR'S name and address.
4. Title of record document.
5. Signature of CONTRACTOR or authorized representative, and approval

by ENGINEER.

* * * END OF SECTION * * *
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SECTION 01710
CONSTRUCTION PHOTOGRAPHS/VIDEO

PARTI GENERAL

1.01 DESCRIPTION

A. Construction record photographs and/or video shall be taken by CQA ENGINEER
periodically during the course of the Work.

1.02 PHOTOGRAPHY REQUIRED

A. Photographs and/or video shall be taken at each major stage of construction.

B. Negative and print requirements shall be as follows:
1. Negatives shall remain the property of OWNER.
2. Furnish 1 print and 1 slide to OWNER at commercial rates applicable at

the time of purchase.
3. Furnish the original and one copy of each video record to OWNER.

C. OWNER shall be notified at least 5 days prior to taking the construction photographs
or videos.

1.03 COSTS OF PHOTOGRAPHY

A. All costs for the specified photography and/or video and prints shall be paid for by
CQA ENGINEER.
1. Additional photography, prints or videos shall be paid for by party

requiring the photos.
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PART 2 MATERIALS

2.01 PRINTS

A. Color print requirements shall be as follows:
1. Paper: Single weight, white base.
2. Finish: Smooth surface, glossy.
3. Size: 3-inch by 5-inch

B. Video shall be standard size for VCR playback.

C. Identify each print on the back (or label each video) by listing the following:
1. Project name.
2. Date and time of the photo.
3. Location from which the photo was taken.
4. Description of the photo.

PART 3 EXECUTION

3.01 VIEWS REQUIRED

A. Photograph or videos shall be taken from locations which adequately illustrate each phase
throughout the project.
1. Consult with OWNER at each period of the photography/video for

instructions concerning required views.
2. Use the same vantage point for progress photos and supply a map

showing the locations of the camera for each photo.

3.02 DELIVERY OF PRINTS

A. Deliver negatives and one set of prints and slides or video to OWNER.

* * * END OF SECTION * * *
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SECTION 02000
SITE PREPARATION

PART 1 GENERAL

1.01 DESCRIPTION

A. At least 10 working days before construction is to begin, CONTRACTOR shall obtain
PROJECT MANAGER'S approval for the location of equipment and material staging areas,
temporary access, onsite roads, parking, personnel office and sanitary facilities, soil and drain
rock stockpile areas, piping and geosynthetics storage areas, construction water storage areas,
temporary fences and gates, and all other facilities which shall be required for construction.
The proposed locations for these facilities shall be provided on a map of the site at a scale of
1 inch equals 50 feet.

B. The areas selected for temporary facilities shall be located to prevent conflicts with existing
infrastructure or other adjacent operations.

C. CONTRACTOR shall prepare the cell area, adjacent graded areas, stockpile area, and staging
area as required by the Contract Documents.

D. CONTRACTOR shall locate and protect existing onsite and adjacent public utilities and
improvements. Damage caused to existing utilities and improvements shall be repaired by
CONTRACTOR at no additional cost to OWNER.

E. CONTRACTOR shall conduct operations and maintain the project site so as to minimize dust
creation and dispersion. See Section 02050 for more detail.

F. CONTRACTOR shall recognize that the regulatory authorities regard dust control as a high
priority item.
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PART 2 MATERIALS

A. Materials and equipment shall be new and of adequate capacity for the required usage and meet
the requirements of applicable codes and standards and approval of OWNER.

PART 3 EXECUTION

A. CONTRACTOR shall provide methods, means, and facilities required to prevent contamination
of soil, water, atmosphere, uncontaminated structures, equipment or material by discharge of
wastes from spills due to CONTRACTOR'S operations.

B. CONTRACTOR shall provide equipment and personnel to perform emergency measures
required to contain any spillages and to remove spilled materials and soils or liquids that
become contaminated due to spillage. Collected spill material shall be properly disposed at no
additional cost to OWNER.

* * * END OF SECTION * * *
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SECTION 02020
DEMOLITION

PART 1 GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall remove or protect all aboveground and below-ground structures located
in the Contract Documents, and as further determined in the field during construction.

B. Should additional buried utilities be discovered beyond those indicated in the Drawings,
CONTRACTOR shall immediately contact ENGINEER for instructions on how to proceed.

PART 2 EXECUTION

2.01 GENERAL

A. CONTRACTOR shall demolish or otherwise remove items that are uncovered during subgrade
preparation and trenching.

B. CONTRACTOR shall also protect buried utilities or structures discovered during site Work as
directed by ENGINEER.

C. Concrete rubble, concrete slabs and asphalt concrete shall be broken into pieces of appropriate
size for disposal as designated by ENGINEER. Typically the sizes should be less than 2 feet
by 2 feet by 2 feet.

D. Tin, plaster board, plywood, etc. shall be folded, broken or cut to appropriate size for disposal
as designated by ENGINEER.

E. Fences are to be removed from site except where shown on the Drawings to be replaced or
protected in place.

2.02 PROTECTION OF UTILITIES

A. Contractor shall locate existing utilities prior to execution of the Work.
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B. For each utility line to be retained, CONTRACTOR shall protect the line from damage during
all site Work. During excavation, CONTRACTOR shall use extreme care including hand
excavation, shoring, padding, and other activities as required to prevent damage.

C. All work shall comply with OSHA, NEC and other relevant safety standards.

D. Backfilling under, around and over protected utility lines shall be performed using equipment
and methods which shall not damage the pipes or conduits. Adequate backfill thickness
(typically 3 feet at a minimum) must be in place and compacted over each pipe or conduit prior
to allowing any vehicular traffic to cross over the alignment.

* * * END OF SECTION * * *
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SECTION 02021
WASTE DISPOSAL

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes the disposal of various existing wastes at the site by the
CONTRACTOR.

B. Waste includes but is not limited to drummed liquids at the Campbell property, investigation
wastes, other identified impacted soils, demolition and construction debris, and construction
rubble.

1.02 SUBMITTAL

A. CONTRACTOR shall submit a Waste Disposal Plan to be approved by the ENGINEER and
EPA which provides for the characterization of waste, appropriate disposal sites, permitting,
and final disposal.

PART 2 MATERIALS

2.01 GENERAL

A. CONTRACTOR shall provide a description of required materials and supplies in the Waste
Disposal Plan.

PART 3 EXECUTION

3.01 GENERAL

A. CONTRACTOR shall remove and dispose of drummed liquids, investigation wastes, impacted
soils, demolition and construction debris, and construction debris in accordance with all
applicable regulations, codes, and ordinances.
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B. A Waste Reconsolidation area is provided at the Site for reconsolidation of dry solid waste.

3.02 FEES AND PERMITS

A. CONTRACTOR shall obtain all required permits.

3.03 WASTE DISPOSAL PLAN

A. Prior to the start of work, the CONTRACTOR shall submit to the ENGINEER, a Waste
Disposal Plan that at a minimum, addresses the following:
1. Worker Safety.
2. Worker qualifications (HAZWOPER).
3. Protection of the public.
4. Protection of the environment.
5. Work sequence and schedule.
6. Disposal site, procedures and required permits. All CONTRACTOR

provided disposal sites shall be subject to approval of the EPA and the
ENGINEER.

* * * END OF SECTION * * *
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SECTION 02025
BUILDING DEMOLITION AND REMOVALS

PART 1 GENERAL

1.01 DESCRIPTION

A. BUILDING DEMOLITION AND REMOVALS consists of furnishing transportation, labor,
materials, equipment, and incidentals necessary to demolish, remove, dispose, and/or salvage
existing improvements.

B. Work includes but is not limited to the following:
1. Demolish, remove, and dispose of building, including foundation, asbestos

containing material (if present), concrete walk and curb, concrete steps, and
appurtenances.

2. Remove, dispose, reuse and/or salvage as indicated on the Drawings:
asphalt concrete and concrete paving.

3. Cap and abandon utilities as indicated on the Drawings.

1.02 RELATED WORK

A. Introduction, Scope of Work and General Requirements Section 01000

B. Reference Standards, Definitions and Abbreviations Section 01010

C. Dust Control Section 02050

D. Structure Fill Section 02150

1.03 SUBMITTALS

A. Submit demolition procedures and operational sequences to the ENGINEER for review
21 days prior to start of demolition work.

B. Final capping locations shall be in accordance with the Los Angeles County Department of
Public Works and shall be submitted to the ENGINEER upon completion of work. Capping
locations shall be shown per Project Record Documents Section 01700.
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C. Copies of required permits and certifications shall be submitted to the ENGINEER prior to
performing work requiring permits and certifications.

1.04 SAFETY AND PROTECTION

A. CONTRACTOR shall verify that the electrical system involved in the demolition work is
deenergized. Otherwise, CONTRACTOR shall arrange with the utility company having
jurisdiction to deenergize the electrical system prior to proceeding with the work.

B. Exercise care in removing and handling existing structures, equipment, and substructures that
may be required to be relocated or reinstalled.

C. Protect buildings and structures on adjacent properties, and other items which are to remain.
CONTRACTOR shall repair damages at no cost to the OWNER.

D. Provide, erect, and maintain barriers, barricades, lighting, and guard rails as required to protect
general public, workers, and adjoining properties.

E. Protect pipelines, wires, cables, electrical panels, and conduits located above or below ground if
such items are to remain. Damage to said items if caused by actions or omissions of
CONTRACTOR shall be repaired by the CONTRACTOR.

1. Pipelines damaged at a joint shall be repaired or replaced at the next joint (beyond the
damaged joint).

F. Coordinate with appropriate utility providers to have water service meters, electrical power lines,
and electrical power meter devices attached to the buildings removed prior to demolition.

G. Coordinate with appropriate telephone service provider to have telephone lines attached to the
buildings removed prior to demolition.

H. Provide and place bracing and shoring to prevent movement or damage to structures and
improvements that are to remain. Restore damaged improvements to their original condition at
no cost to the OWNER or OWNER of the structure.
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I. Cease operation and notify ENGINEER immediately if the work appears to endanger life,
facilities, or property. Do not resume operations until safe conditions have been restored.

1.05 SALVAGE

A. No onsite sale of salvage shall be allowed. No removals shall be made from the site by any
person other than CONTRACTOR or employees of the CONTRACTOR.

PART 2 PRODUCTS

Not applicable.

PARTS EXECUTION

3.01 GENERAL

A. Perform work in accordance with applicable Federal, State, County, and City of Santa Fe
Springs Building Codes and Regulations. The work shall meet safety standards and
requirements including those of CAL/OSHA. The CONTRACTOR shall have at the work site
copies of applicable extracts of CAL/OSHA Construction Safety Orders and General
Industrial Safety Orders.

B. Demolition work shall not exceed the limits shown on the Drawings. CONTRACTOR shall
repair CONTRACTOR damaged items which are not a part of the demolition work to the
satisfaction of the ENGINEER.

C. Control dust to meet the South Coast Air Quality Management District regulations.

D. Items not shown on the Drawings or mentioned in the Specifications, which are encountered
during the CONTRACTOR'S operations shall be brought to the attention of the ENGINEER.
The ENGINEER shall determine the disposition of the items.

E. Obtain permission from the ENGINEER if outriggers, swinging cranes, or other equipment
might pass adjacent properties.
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F. Should the CONTRACTOR decide to move any large items intact off the site, arrangements
for permits, clearances, and utilities are the CONTRACTOR'S responsibility.

G. Remove from site, vermin infested and harmful materials. Dispose of in accordance with
applicable regulations so as not to endanger the health of workers, tenants, or the public.

H. Perform demolition under ENGINEER'S inspection. Work shall meet applicable safety
standards and requirements.

I. Burning of material on site shall not be permitted.

J. Abandoned utilities shall be capped/plugged as applicable. Record these locations on the
Record Drawings per Project Record Documents Section 01700.

K. Cap sewer lines 4 feet below the finished surface.

3.02 OWNERSHIP AND DISPOSAL

A. Materials removed other than those specified and shown on the drawings to remain or salvage,
or reuse, shall become the property of the CONTRACTOR and disposed of off site.

3.03 SALVAGE ITEMS

A. Items to be salvaged and/or reused shall be as indicated on the Drawings.

3.04 BACKFILL EXCAVATIONS

A. Areas excavated as a result of removals shall be mechanically backfilled and compacted in
accordance with Specification Section 02150. CONTRACTOR shall provide backfill material
per Section 02180 at no additional cost to the OWNER.

B. The CONTRACTOR shall notify the ENGINEER 24 hours in advance of when the compacted
material shall be ready for testing by the OWNER.
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3.05 ABANDONED CONDUITS AND SUBSTRUCTURES

A. Abandoned conduits and substructures encountered or called to be abandoned shall be handled
per Specification Section 02020.

B. Capping locations shall be provided to the ENGINEER in the form of a dimensioned drawing
per the Project Record Document Specification Section 01700.

C. If abandoned substructures must be removed, the following shall be done before removing or
cutting the same:
1. Tap the line and determine if the line contains any king of liquid or

gaseous material.
2. If the line is empty or filled with concrete or mud slurry, if may be cut,

capped, or plugged, or removed as directed by the ENGINEER.
3. If the line is found to contain a liquid or gaseous material, the material

shall be identified, removed, and disposed in accordance with applicable
regulations. Such work shall be considered a change of work and
payment shall be determined in accordance with the General
Requirements.

3.06 BITUMINOUS PAVEMENT REMOVALS

A. Removal of asphalt concrete pavement as shown on the Drawings. Where the removal line
shall be a join line, the line shall be saw cut to a 2-inch minimum depth to provide a butt join.

3.07 HIGH VOLTAGE POWER POLES

A. Exercise extreme caution while working around power poles and light poles that are required
to remain.

3.08 CONCRETE REMOVALS

A. Removal of concrete as shown on the Drawings. Where the removal line shall be a join line,
the line shall be saw cut to a 2-inch minimum depth to provide a butt join.
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3.09 LEAD BASE PAINT ABATEMENT (IF ANY)

A. The lead related work must comply with all applicable safety standards and requirements
including those to CAL/OSHA Construction Safety Orders and General Industrial Safety
Orders, where applicable including but not limited to 29CFR 1926.62.

B. All work must be performed by lead abatement workers who are trained, knowledgeable and
qualified in the techniques of cleaning, removal, handling, and disposal of lead contaminated
material.

C. The abatement CONTRACTOR shall supply all labor, materials, services, insurance, permits,
licenses, the technical lead abatement specifications, and all other contract documents to
perform lead abatement work in accordance with applicable federal, state, and local
requirements.

D. The abatement CONTRACTOR is required to provide area and personal air monitoring to
determine airborne concentrations of lead to which employees may be exposed. Ensure that all
analyses of samples are performed in accordance with 29CFR 1910.1025,29CFR 1926.62
and CCR Title 8 15532.1.

* * * END OF SECTION * * *
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SECTION 02030
TEMPORARY STORMWATER RUN-OFF CONTROL

PARTI GENERAL

1.01 DESCRIPTION

A. Stormwater run-off control shall be furnished by CONTRACTOR during execution of the
Work. The objective of the Stormwater control is to prevent sediment run-off from the site.

B. To prevent run-off to adjacent properties and public improvements, CONTRACTOR shall
provide diversion ditches, berms and other facilities, as necessary. To prevent sedimentation of
run-off from disturbed areas, CONTRACTOR shall provide straw bales, detention basins, or
other facilities, as required.

C. Details of CONTRACTOR Stormwater run-off control measures shall be provided in a written
plan as outlined in Section 01410.

PART 2 MATERIALS

A. The CONTRACTOR shall have available onsite sandbags and other erosion control devices
during the rainy season (October 15 to April 15).

PART 3 EXECUTION

A. Upon the indication of rain and as instructed by the PROJECT MANAGER or ENGINEER,
CONTRACTOR shall stop activities to allow sufficient time for placement of erosion control
devices (e.g., sandbags and straw bales). CONTRACTOR shall have erosion control devices
that can be installed and secured within one hour of receipt of instructions from OWNER
or ENGINEER.

* * * END OF SECTION * * *
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SECTION 02050
DUST CONTROL

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes dust control procedures to be employed by CONTRACTOR during
site Work.

B. Dust control procedures shall be performed by CONTRACTOR in compliance with Health
and Safety Plan requirements.

PART 2 MATERIALS

A. CONTRACTOR shall identify the source of water to be used during construction activities.

B. If a water permit is required, a copy of the permit obtained by CONTRACTOR at his cost shall
be provided to OWNER. Daily consumption records shall also be provided to PROJECT
MANAGER. The cost of the water shall be the responsibility of the CONTRACTOR.

C. Submittals shall be in accordance with Section 01410.

PART 3 EXECUTION

3.01 GENERAL

A. Water shall be applied to areas actively being used by construction equipment. Dust control
shall be increased by the CONTRACTOR with instructions from the PROJECT MANAGER
if complaints are made by adjacent property representatives or regulatory agencies.

B. CONTRACTOR shall use discretion in the quantity of water used for dust control during soil
removal activities. Overwatering may result in difficult working conditions and requirements to
clean vehicles and equipment prior to traveling on public access roads.
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3.02 MONITORING

A. CONTRACTOR, PROJECT MANAGER, and CQA ENGINEER shall monitor regularly and
frequently to observe for visual evidence of dust generation during construction activities. Any
visual evidence shall require CONTRACTOR to immediately implement further dust control
measures.

* * * END OF SECTION * * *
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SECTION 02070
TEMPORARY SITE ACCESS AND ONSITE ROADS

PART 1 GENERAL

1.01 DESCRIPTION

A. Designated temporary site access and onsite roads shall be prepared by CONTRACTOR
during construction activities. These temporary site access and onsite roads shall be made
available for use by others involved with the closure activities.

B. CONTRACTOR shall prepare site access and onsite roads as shown in the Drawings and
as follows.
1. Site access and onsite roads shall be maintained to provide positive

drainage, dust control, mud control, and vehicle access. Concrete cracking
and other damage at the temporary site access shall be repaired by
CONTRACTOR.

2. Onsite roads shall be graded, compacted, filled and otherwise prepared to
accommodate equipment to be used on the roads.

PART 2 MATERIALS

A. The onsite roads shall be constructed primarily by compacting existing soils along their routes;
where necessary, placement of aggregate base shall be utilized to improve soft areas.

PART 3 EXECUTION

A. Road preparation shall include removal of soft spots as necessary, rough grading, and moisture
conditioning.

B. It shall be CONTRACTOR'S responsibility to maintain the road and provide dust control as
outlined in Section 02050 until completion of the project.

C. The temporary site access road shall be provided with signs by CONTRACTOR indicating
restricted use of the road.
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D. If, during construction activities, PROJECT COORDINATOR or regulatory agency feels it is
necessary to provide additional monitoring of construction traffic, additional flagperson(s)
shall be provided by CONTRACTOR at no added cost to OWNER. The CONTRACTOR
shall be solely responsible for providing adequate traffic control during and associated with the
work to maintain safe working conditions onsite and on local streets around the site.

E. Following the completion of construction activities, the site access shall be cleaned of any
residual soil by CONTRACTOR to the extent required by PROJECT COORDINATOR or
the regulatory agencies.

* * * END OF SECTION * * *
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SECTION 02100
IMPORTED SOIL AND ROCK MATERIALS

PART 1 GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall supply the imported soil and drain rock materials required for the
Work. These include, but are not limited to:
1. Structural fill - soil to be used to achieve the required foundation grade.
2. Drain rock/bedding gravel.
3. Vegetative soil layer.
4. Aggregate base.
5. No. 2/12 Grade sand.

B. CONTRACTOR shall locate suitable sources for these materials, and provide PROJECT
COORDINATOR and ENGINEER with information describing the sources and the result of
independent tests including chemical characterization (as described in Part 2) demonstrating
suitability of the materials at least 10 days prior to the material being required for construction.
Sources should be appropriately permitted to supply the material. The PROJECT
COORDINATOR reserves the right to reject any and all materials.

PART 2 MATERIALS

2.01 STRUCTURAL FILL

A. Structural fill material shall meet the following specifications:
1 . USCS classification CL, ML, SC, SM, GC or GM.
2. Maximum particle size of 2 inches.
3. Between 12 and 70 passing No. 200 sieve.
4. Plasticity index & 15.

B. Structural fill shall be soils free of organics, roots, wood, peat, cinders, deleterious matter or
other rubbish.

C. Structural fill shall be free of chemical contaminants including Title 22 metals (below
background levels), petroleum hydrocarbons, benzene, toluene, xylene, ethyl benzene,
poly-chlorinated biphenyls, pesticides, herbicides, and chlorinated volatile organic compounds.
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2.02 DRAIN ROCK/BEDDING GRAVEL

A. Drain rock/bedding gravel shall consist of subangular-to-rounded washed gravel meeting
the following gradation requirements.

U.S. Standard Sieve Percent Passing
1-1/2 inch 100

1 inch 90-100
3/4 inch 55-85
3/8 inch 8-20

No. 4 0-5
No. 8 0-5

No. 200 0-2

2.03 SAND BEDDING

A. Bedding material shall be fine sand meeting the following grain size requirements:

U.S. Standard Sieve Percent Passing
3/8 inch 100
No. 4 95-100
No. 8 75-90

No. 16 55-75
No. 30 30-50
No. 50 10-25

No. 100 2-10
No. 200 0-10

B. Bedding material shall be free of nonsoil material including broken concrete, broken pavement,
wood, organic material, refuse or other deleterious material.
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2.04 SELECT BACKFILL

B. Storm drain backfill around and above the pipe shall be select backfill material meeting the
following grain size requirements:

U.S. Standard Sieve Percent Passing
1-1/2 inch

1 inch
3/4 inch
3/8 inch

No. 4
No. 8

No. 200

100
90-100
55-85
8-20
0-5
0-5
0-2

2.05 VEGETATIVE SOIL LAYER

A. Material shall be classified as CL, ML, SC, or SM with no particle larger than 2 inches in the
largest dimension.

B. The soil should be capable of supporting growth of the landscaping as specified in
Section 02600.

C. Vegetation soil layer material shall be free of chemical contaminants including Title 22 metals
(below background levels), petroleum hydrocarbons, benzene, toluene, xylene, ethyl benzene,
poly-chlorinated biphenyls, pesticides, herbicides, and chlorinated volatile organic compounds.

D. If required by PROJECT COORDINATOR or ENGINEER, CONTRACTOR shall supply
necessary test results demonstrating that soil shall support a healthy vegetative growth.

* * * END OF SECTION * * *
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SECTION 02110
TEMPORARY STOCKPILES

PARTI GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall use the temporary stockpile for excavated soils and imported materials
to be utilized in the cover soil layer and other closure components.

PART 2 MATERIALS

A. Temporary stockpiles shall be used to store excess excavated soil and imported material.

PART 3 EXECUTION

A. CONTRACTOR shall place excavated soil and imported material in temporary stockpiles as
approved by PROJECT COORDINATOR.

B. CONTRACTOR shall grade the temporary stockpiles to drain and not construct slopes steeper
than 3 horizontal to 1 vertical.

* * * END OF SECTION * * *
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SECTION 02130
SUBGRADE PREPARATION

PARTI GENERAL

1.01 DESCRIPTION

A. Subgrade preparation (foundation layer) consists of excavating, filling, moisture conditioning
and compacting areas of the site as shown in the Drawings.

1.02 QUALITY CONTROL

A. The CQA ENGINEER shall observe subgrade preparation by CONTRACTOR to verify
removal of rubbish, vegetation, lumber or wood, root matter or other deleterious material and
proof-rolling. During proof-roll ing, the CQA ENGINEER shall carefully observe for
excessive deformations indicating soft spots and request that CONTRACTOR repair the
soft spot.

B. Structural fill shall be compacted by the CONTRACTOR and observed by the
CQA ENGINEER per requirements in Section 02150.

C. Following preparation of subgrade the area shall be protected by the CONTRACTOR. Any
areas that are subsequently damaged shall be restored to conditions required in the Drawings
and Specifications prior to placement of overlying materials.

PART 2 MATERIALS

A. The subgrade shall consist of native soils from the site area and imported soil per requirements
in Section 02150.

B. Native subgrade material shall be free of waste, vegetation, lumber or wood, root matter or other
deleterious material.
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C. Existing rocks or construction demolition material (e.g., concrete or asphalt) exceeding
3 inches in size shall be removed and stockpiled at a location approved by PROJECT
COORDINATOR.

PARTS EXECUTION

A. CONTRACTOR shall prepare the subgrade by removing the vegetation and any other
deleterious material. Existing topsoil shall be removed and stockpiled at a location approved
by PROJECT COORDINATOR for later use for the vegetative soil layer.

B. The entire subgrade area shall be proof-rolled with a compactor a minimum of two to three
perpendicular passes to achieve an 85 percent relative maximum density. Soft areas, if any,
shall be excavated and backfilled with structural fill (per requirements in Section 02150).

C. Final surfaces shall be graded to the elevations shown in the Drawings with a tolerance of
±0.1 feet. Areas where final grades are achieved using structural fill shall be proof-rolled.

D. Excavated soil shall be stockpiled for future use at a location designated by the PROJECT
COORDINATOR.

E. Excavated soil will be monitored for volatile organics using an OVA calibrated for methane.
One test per 500 cubic yards shall be taken by measuring the concentration of vapors
10 centimeters above the surface. Soils measured in excess of 50 ppm may not be used for
cover soils and shall be disposed as required by these Specifications.

F. Final surfaces shall be free of loose material, clods, and other debris including grade stakes
and hubs.

G. The construction site shall be graded to be free-draining. In the event of rainfall,
CONTRACTOR shall remove ponded water from the construction area and condition and
compact any disturbed soil to suit structural fill requirements (in Section 02150).

H. Excavated material not suitable for backfilling or site grading and other unsuitable materials
shall be placed in designated spoil areas and graded to drain. Location of designated spoil
areas are to be designated by PROJECT COORDINATOR.
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I. Excavated soils shall be tested every 500 cubic yards prior to excavation with a pocket
penetrometer. Soils measured for bearing capacity of less than 0.5 tons per square foot shall
be considered unsuitable for backfilling or site grading.

* * * END OF SECTION * * *
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SECTION 02150
STRUCTURAL FILL

PARTI GENERAL

1.01 DESCRIPTION

A. Structural fill includes all earthwork required to increase the elevation of any site areas to
elevations shown in the Drawings.

1.02 QUALITY CONTROL

A. Structural fill density and moisture content requirements for each soil type used shall be
determined based on five-point Proctor tests (ASTM D1557) performed by the
CQA ENGINEER. In-place density tests of compacted structural fill shall be conducted by
the CQA ENGINEER at the rate of one per 120 cubic yards or each lift of material placed per
requirements in Part 3 of this section. The CQA ENGINEER may make exceptions to the test
frequency requirement for small fill areas, based on observations of material behavior under
operating equipment.

B. Structural fill shall meet maximum particle size, USCS classification, plasticity, percentage
passing No. 200 sieve, and maximum particle size requirements specified in Section 02100.

PART 2 MATERIALS

A. Structural fill shall consist of soil from borrow sources/areas preselected by CONTRACTOR
and approved by CQA ENGINEER and PROJECT COORDINATOR. The soil shall be free
of wood, organic material, refuse or other deleterious material. The largest size rock particle in
structural fill soil shall be 2 inches in its maximum dimension.
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PART 3 EXECUTION

A. Structural fill materials shall be placed in a maximum uncompacted lift thickness of 8 inches
and compacted to 90 percent of maximum dry density as determined by ASTM D1557 and
with a moisture content within ± 2 percent of optimum.

B. Final surfaces shall be graded to lines and elevations shown in the Drawings with a tolerance
of 0.1 foot.

C. Material not meeting the specified density as determined by the CQA ENGINEER shall be
additionally compacted to meet the Specifications, or removed. Material not within the
specified moisture content range shall be scarified, moisture conditioned, and recompacted
or removed.

* * * END OF SECTION * * *
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SECTION 02170
BROW DITCH

PARTI GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall grade and compact a brow ditch at the top of slope adjacent to the
recreation field at the northeast corner of the site.

PART 2 MATERIALS

A. CONTRACTOR shall grade brow ditch into native soil material.

PART 3 EXECUTION

A. CONTRACTOR shall construct brow ditch at top of the slope adjacent to the recreation field.
The brow ditch shall be compacted to a minimum 85 percent of maximum dry density
(ASTM D1557) and sloped to drain toward the proposed catch basin as shown in
the Drawings.

* * * END OF SECTION * * *
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SECTION 02180
TRENCHING, BACKFILLING AND COMPACTING

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes methods and equipment used to excavate, backfill, and compact reservoir
cap drainage trenches, trenches for storm drain piping, and gas collection pipe trenches.

B. Trenches shall be filled with materials as indicated in the Drawings. Reservoir cap drainage
trenches shall receive drain rock. The 16-inch-diameter PVC storm drain trench backfill shall
consist of fine sand bedding, select backfill around and covering the pipe followed by native
soil backfill. The gas collection pipe trench shall receive bedding gravel.

1.02 QUALITY CONTROL

A. Monitoring shall be provided by CQA ENGINEER to verify construction meets the
requirements of the Drawings and Specifications.

B. Requirements for trenching tolerances are as follows:
1. CONTRACTOR shall excavate so that HDPE geomembrane and pipes

can be laid straight at uniform grade, without sags or humps, between the
elevations shown in the Drawings.

2. Clearance to other pipes and regulated boundaries shall be checked by
CQA ENGINEER. If clearances are found to be inadequate,
CONTRACTOR shall backfill trenches to compaction specifications and
recut the trenches at no additional cost to OWNER.

C. CONTRACTOR shall, upon request, submit the name and address of imported materials
suppliers and use materials from that source throughout the work. Change of source requires
ENGINEER'S approval.

D. CONTRACTOR shall submit samples and grain size analyses of sand bedding, select backfill,
and drain rock material to the CQA ENGINEER for approval of the materials ten days in
advance of backfilling.
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E. The CQA ENGINEER shall observe all prepared excavations for evidence of soft spots,
uneven bottom, clumps, improper grade, etc. and CONTRACTOR shall be required at his
expense to correct any deficiencies prior to placement of pipe or backfill.

F. Backfill placement procedures shall be observed by the CQA ENGINEER and moisture
content and compaction tests performed (except for drain rock backfill which does not require
compaction) to verify material placement in accordance with the Specifications.

1.03 JOB CONDITIONS

A. CONTRACTOR shall perform trench excavations and backfill operations in a manner so as
not to damage adjacent synthetic materials or in-place pipes. CONTRACTOR shall repair or
replace materials damaged during backfilling operations at no additional cost to OWNER.

PART 2 MATERIALS

2.01 BEDDING

A. Sand bedding material shall be sand meeting the grain size requirements:

U.S. Standard Sieve Percent Passing
3/8 inch 100
No. 4 95-100
No. 8 75-90

No. 16 55-75
No. 30 30-50
No. 50 10-25

No. 100 2-10
No. 200 0-10

B. Bedding material shall be free of nonsoil material including broken concrete, broken pavement,
wood, organic material, refuse or other deleterious material.
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2.02 BACKFILL

A. Drain rock/bedding gravel backfill shall meet the grain size requirements:

U.S. Standard Sieve Percent Passing
1-1/2 inch 100

1 inch 90-100
3/4 inch 55-85
3/8 inch 8-20

No. 4 0-5
No. 8 0-5

No. 200 0-2

B. Storm drain backfill around and above the pipe shall be select backfill material meeting the
following grain size requirements:

U.S. Standard Sieve Percent Passing
1-1/2 inch 100

1 inch 90-100
3/4 inch 55-85
3/8 inch 8-20
No. 4 0-5
No. 8 0-5

No. 200 0-2

C. Soil excavated from the trench which is free of deleterious material (e.g. broken concrete,
wood, organic material) may be used for backfill above the select material as approved by the
CQA ENGINEER.

PART 3 EXECUTION

3.01 INSPECTION

A. Trenches shall be examined by CONTRACTOR and CQA ENGINEER to determine
existence of areas loosened by excavation, softened by flooding or weather, or of unsuitable
materials.
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3.02 PREPARATION

A. CONTRACTOR shall remove and replace or compact soils softened by flooding or weather as
required by CQA ENGINEER.

B. CONTRACTOR shall remove unsuitable material (e.g. broken concrete, asphalt, wood, organic
material, refuse or other deleterious material) from within trenches.

C. Dewatering requirements are as follows:
1. Construction site shall be free-draining.
2. Excavations shall be free from standing water.
3. Adjacent properties shall be protected from damage resulting from

dewatering operations.

3.03 EXCAVATION

A. Excavation shall be undertaken to elevations and dimensions necessary to complete
construction as shown in the Drawings.

B. Excavations shall not be made until subsequent construction steps are scheduled.

C. Upon completion of excavation, CQA ENGINEER shall be notified before proceeding with
further Work.

3.04 PLACING FILL

A. CQA ENGINEER shall be notified before placing fill material.

B. Fill shall not be placed in standing water.

C. Drain rock shall be placed in pipe trenches so as not to damage the pipe or underlying
geosynthetics.
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D. Where designated, geotextile shall be sized and placed in the trench with the remaining portion
extending beyond the trench; the pipe shall be placed; backfill shall be placed; and geotextile
shall be wrapped over the top of the backfill with a minimum overlap, as shown in
the Drawings.

E. Storm drain trench backfill (i.e., onsite excavated soils) shall be placed at optimum ±2 percent
moisture content and compacted to a minimum of 90 percent of maximum dry density as
determined by ASTM D1557-78.

F. The storm drain trench width shall be at least 12 inches wider than the pipe. The trench shall
be over excavated vertically 4 to 6 inches and backfilled with clean sand compacted to a
minimum 90 percent of maximum dry density per ASTM D1557-78 for the pipe bedding.
After pipe placement the select backfill shall be placed in 6-inch layers and extend to 12 inches
above the top of the pipe. This material shall be placed at optimum ±2 percent moisture
content and compacted to a minimum of 90 percent of maximum dry density per ASTM
D1557. The final backfill shall be excavated soils free of unsuitable material, compacted to a
minimum of 90 percent of maximum dry density determined in accordance with
ASTMD1557-78.

* * * END OF SECTION * * *
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SECTION 02200
HDPE GEOMEMBRANE LAYER

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes materials, testing, installation procedures and documentation
requirements for placement of the HDPE geomembrane layer portion of the reservoir area cap.

1.02 QUALITY CONTROL

A. QC for geomembranes consists of the following types of activities which are described in
Part 3, Execution:
1. Manufacturers' certifications that materials satisfy the standard ASTM

properties and Specifications.
2. "As Received" material conformance tests.
3. Implementation and testing of periodic trial seams to assure seaming

equipment is performing adequately.
4. Nondestructive field seam testing.
5. Destructive testing of seam samples.
6. Field inspections for defects, including related repairs.

B. Placement of materials over the geomembrane layer shall be done in such a manner that
geomembrane damage is unlikely.

C. The following ASTM Reference Standards shall be used for HDPE geomembrane materials,
as appropriate:
1. ASTM D1593 - Thickness.
2. ASTM D1505 or D792-Density.
3. ASTM D1238E-Melt Flow Index.
4. ASTM D638, Die C - Tensile Properties.
5. ASTM D1004, Type IV Modified - Tear Strength.
6. ASTM D4833 - Puncture Resistance.
7. ASTM D746, Procedure B - Low Temperature Brittleness.
8. ASTM D1603-Carbon Black Content.
9. ASTM D3015 - Carbon Black Dispersion.
10. ASTM D1204, 212°F 1 hour - Dimensional Stability.
11. ASTM D1693, 10% Igepal, 50°C - Environmental Stress Crack.
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D. The following ASTM Reference Standards shall be used for destructive field testing of
geomembrane seams:
1. ASTM D4437 - Shear Extrusion.
2. ASTM D4437 - Shear Fusion.
3. ASTM D4437 - Peel Extrusion.
4. ASTM D4437 - Peel Fusion.
5. ASTM D4437 - Shear Strength (film tear bond).

1.03 SUBMITTALS

A. No later than 15 days prior to the installation of geomembrane materials, CONTRACTOR
shall submit a Geomembrane Placement Plan (per Section 01410) providing the
following information:
1. Resume of the Superintendent to be assigned to this project, including

dates and durations for similar work.
2. A panel layout drawing showing the installation layout, identifying field

seams and any deviations from the Drawings. Each layout shall be
adequate for use as a construction plan and shall include dimensions,
details, etc.

B. Installation shall not begin for any material until the respective Panel Layout Plan is approved
by the ENGINEER.

PART 2 MATERIALS

A. The HOPE geomembrane shall be 60-mil HDPE, or equivalent material approved by
the ENGINEER.

PART 3 EXECUTION

3.01 MATERIAL QUALITY CONTROL DOCUMENTATION

A. Geomembrane Materials:

1. MANUFACTURER'S Certification

30747/100% Specs (3/25/03) 02200-2
Customer-focused Solutions



a. The MANUFACTURER of each geosynthetic material shall provide
ENGINEER with the following information:
• The resin supplier's name and production plant.
• Production dates of the resin.
• Quality test reports which verify adequacy of the resin.
• A list of the materials which comprise the geomembrane,

expressed as a percent by weight of polyethylene, carbon black,
other additives.

• A specification for the geomembrane which includes all
properties associated with the ASTM Reference Standards
stated in Section 1.02 C, including a written certification that
minimum values given in Table 02200-1 are guaranteed by
the MANUFACTURER, including signed QC certificates.

b. CQA ENGINEER shall document that all of the geomembrane material received is
appropriately certified by the MANUFACTURER, prior to its installation.

2. Conformance Testing
a. Upon delivery the ENGINEER shall obtain conformance test

samples from the geomembrane. The samples shall be taken at a rate
of one per lot or one per 100,000 square feet, whichever is greater.
These samples shall be submitted to an appropriate laboratory for
testing to assure conformance to the Specifications in Table 02200-1
for the following characteristics:

Thickness.
Density.
Melt flow index.
Tensile properties.
Tear strength.
Puncture resistance.
Low temperature brittleness.
Carbon black content.
Carbon black dispersion.
Dimensional stability.
Environmental stress crack.

b. If a test result is in nonconformance, all material from the lot represented by the failing
test should be considered out of specification and rejected, unless, as approved by the
CQA ENGINEER, the MANUFACTURER conducts tests on samples from the
two rolls with numbers immediately adjacent to the roll with the failed sample. If both
additional tests pass, the roll that represents the initial failed test shall be rejected.
If one or both of the additional tests fail, then the entire lot shall be rejected.
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3.02 INSTALLATION

A. Geomembrane Materials

1. Panel Nomenclature

a. Each geomembrane field panel shall be given an identification number
consistent with the layout plan provided by the material supplier or site
construction personnel. The field panel identification code shall be used for
all quality assurance records. The CQA ENGINEER shall verify that
geomembrane field panels are installed at the locations indicated on the
layout plan.

2. Installation Weather Conditions

a. Geomembrane deployment shall not proceed at an ambient temperature
below 32° F (0° C) or above 104° F (40° C). Geomembrane placement
shall not be performed during inclement weather conditions, and especially
in the presence of high winds, which shall preclude immediate material
seaming.

3. Installation Procedures

a. CQA ENGINEER shall verify that geomembrane handling equipment to be
used shall not cause damage to the material. During handling, CQA
ENGINEER shall verify that the handling procedures are being
accomplished without damage.

b. CQA ENGINEER shall verify the following:
• The prepared surface underlying the geomembrane has not

deteriorated since its previous acceptance.
• Installation and CQA personnel do not smoke or wear damaging shoes

while working on the geomembrane.
• Unrolling procedures do not cause excessive scratches or crimps in the

geomembrane.
• The installation procedures do not cause excessive wrinkles in

individual or adjacent panels.
• Adequate temporary loading (e.g., sand bags) has been placed to

prevent wind uplift.

4. Damage Inspection

a. CQA ENGINEER shall inspect each panel, after placement and prior to
seaming, for damage and/or defects. Damaged portions of panels shall be
removed and replaced using procedures described in Section 3.02 A.6.h.

5. Writing on the Geomembrane

a. To avoid confusion, the Installer and CQA ENGINEER shall use
different colored markers for writing on the geomembrane which shall not
cause damage. The Installer and CQA ENGINEER shall use white and
yellow markers, respectively.
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6. Field Seaming Methods

a. Extrusion Seaming Process

1 . CQA ENGINEER shall verify that:
• Exposed grinding marks adjacent to an extrusion weld shall

not extend more than 0.25 inch from the seamed area.
• The geomembrane panels shall be aligned to have a nominal

overlap of 3 inches for extrusion welding, unless approved
otherwise by CQA ENGINEER. In any event, the final
overlap shall be sufficient to allow peel tests to be
performed on the seam.

• No solvent or adhesive shall be used unless the product is
approved by CQA ENGINEER

• Any procedure used to temporarily bond adjacent panels
shall not damage the geomembrane (e.g., the temperature of
hot air at the nozzle of any temporary welding apparatus
shall not be located where it could damage or degrade the
geomembrane).

• Seaming equipment, including the electric generator shall
not damage the geomembrane.

• A smooth insulating plate or fabric is placed beneath the hot
welding apparatus after usage.

• Prior to beginning a seam, the extruder barrel is purged until
all heat-degraded extrudate has been removed.

• Clean and dry welding rods or extrudate pellets are used.
• Grinding shall be completed no more than one hour prior to

seaming.

b. Fusion Seaming Process

1 . CQA ENGINEER shall verify that:
• A movable protective layer is used directly below each

geomembrane overlap to be seamed to prevent moisture
buildup between sheets and debris buildup around the
pressure rollers.

• The geomembrane panels shall be aligned to have a nominal
overlap of 5 inches for fusion welding unless approved
otherwise by CQA ENGINEER. In any event, the final
overlap shall be sufficient to allow peel tests to be
performed on the seam.

• No solvent or adhesive shall be used unless the product is
approved by CQA ENGINEER.

• Equipment, including the electric generator, used for
seaming shall not damage the geomembrane.

• A smooth insulating plate or fabric is placed beneath the hot
welding apparatus after usage.
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• The edges of cross seams are ground to an incline prior to
welding.

c. Seam Preparation
1. All seam areas shall be clean and free of moisture, dust, dirt,

debris or foreign material of any kind.
2. All seam overlap grinding shall be completed according to the

MANUFACTURER'S instructions within one hour of the
seaming operation.

3. Seams shall be aligned to minimize wrinkles and "fishmouths."

d. Trial Seams
1. Trial seams shall be made on geomembrane fragments at the

beginning of each seaming period, and at least once each five
hours, to verify that conditions are adequate for production
seaming.

2. Each trial seam sample shall be at least 36 inches by 12 inches
wide, with the seam centered lengthwise.

3. Peel tests shall be conducted on two specimens cut at random
locations from the sample with a 1 inch-wide die using a field
tensiometer. The tensiometer shall be capable of maintaining a
constant jaw separation rate of 2 inches per minute. If a
specimen fails (Section 3.02 A.6), the entire operation shall be
repeated. If the additional specimen fails, the seaming apparatus
and seamer shall not be used for seaming until the deficiencies
are corrected and two consecutive successful trial welds are
achieved.

e. Weather Condition Considerations
1. Unless approved by CQA ENGINEER, required seaming

weather conditions are:
• Ambient temperature between 0° C (32° F)

and40°C(104°F). '
• No precipitation.
• No high winds.

2. No seaming of the geomembrane shall occur at ambient
temperatures above 40° C (104° F) unless CQA ENGINEER
verifies that geomembrane seam quality shall not be
compromised. To accomplish this verification, trial seaming
(Section 3.02 A.6.d) shall be conducted at the same ambient
temperature.

3. CONTRACTOR shall provide for methods to protect the placed
, materials from wind damage prior to covering.
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f. Nondestructive Seam Testing

1. General

a. To check the continuity of seams, nondestructively testing shall be
performed on the full length of all field seams using a vacuum test
unit, air pressure test (for double fusion seams only), or other
method approved by CQA ENGINEER. Nondestructive testing
shall be carried out as the seaming work progresses.

b. Any seams that cannot be nondestructively tested shall be cap-
stripped with the same geomembrane material.

2. Vacuum Testing

a. Vacuum testing equipment shall consist of the following:
• A vacuum box assembly consisting of a rigid housing,

a transparent viewing window, a soft bottom neoprene
gasket, a porthole or valve assembly, and a vacuum
gauge.

• A pump assembly, including a pressure controller.
• A rubber hose, with fittings and connections.
• A soapy solution, including an applicator brush.

b. The vacuum testing procedures shall consist of the following:
• Energizing the vacuum pump and reducing the tank pressure

to approximately 5 psi on the gauge.
• Applying a strip of the soapy solution on the geomembrane

approximately 12 inches by 48 inches.
• Placing the box over the area wetted with the soapy solution.
• Closing the bleed valve and opening the vacuum valve.
• Assuring that a leak-tight seal is created.
• Applying the vacuum and examining the geomembrane

through the viewing window for the presence of soap
bubbles, for a period of not less than 10 seconds.

• If no bubbles appear after 10 seconds, the vacuum and bleed
valves shall be opened and the box shall be moved to the
adjoining area with a minimum 3-inch overlap.

• All areas where soap bubbles appear shall be marked and
repaired in accordance with Section 3.02 A.6.h.
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3. Air Pressure Testing

a. Air pressure testing equipment shall consist of the following:
• An air pump, equipped with pressure gauge capable of

sustaining between 25 and 30 psi.
• A rubber hose with fittings and connections.
• An approved pressure feed device, such as a sharp

hollow needle.

b. The air pressure test procedures shall consist of the following:
• Both ends of the seams to be tested shall be sealed.
• An approved pressure feed device (e.g., needle) shall be

inserted into the channel created by the fusion weld.
• A protective cushion shall be inserted between the air pump

and the geomembrane.
• Pressurize the air pump to between 25 and 30 psi, close the

valve, allow two minutes for the pressure to stabilize, and then
assure that the pressure is sustained for at least 5 minutes.

• If loss of pressure exceeds 4 psi or does not stabilize within
the 5-minute test, repairs to the faulty area shall commence in
accordance with Section 3.02 A.6.h.

• Cut the opposite end of the tested seam area once testing is
completed to verify continuity of the air channel. If air does
not escape, locate the blockage and retest the unpressurized
area.

• Remove the pressure feed device and seal the openings.

4. Test Failure Procedures

a. All required repairs shall be completed in accordance with
Section 3.02 A.6.h. At each repair area, CQA ENGINEER shall:
• Observe the repair and retesting.
• Mark on the geomembrane that the repair has been made.
• Document the repair procedures and test results.

g. Destructive Seam Testing

1 . Location and Frequency

a. CQA ENGINEER shall select seam locations for cutting out
samples for laboratory testing. Those locations shall be
established based on the following criteria:
• A minimum of one test per 650 feet of seam length

performed by each welder, determined as an average taken
throughout the construction area.

• At areas prompted by suspicion of overheating,
contamination, offset welds, or any other potential cause of
imperfect welding.
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2. Sampling Procedures

a. Samples shall be removed and tested so that laboratory test results
are available before the geomembrane is covered by another
material. CQA ENGINEER shall:
• Record reason for taking the sample at this location.
• Assign a number to each sample, and mark it accordingly.
• Record sample location on layout drawing.

b. All holes resulting from sampling shall be repaired immediately in
accordance with Section 3.02 A.6.h. New seams in the repaired
area shall be tested according to Section 3.02 A.6.

3. Sample Dimensions

a. Two samples for field testing should be taken at each sampling
location. Each shall be cut with a 1-inch-wide die centered above
the seam. The distance between these two samples shall be
42 inches. If both samples pass the field test described in
Section 3.02 A.6.g. a sample for laboratory testing shall be taken.

b. The laboratory testing sample shall be located between the field
testing samples and shall be 12 inches wide by 42 inches long,
centered on the seam. The sample shall be cut into three parts and
distributed as follows:
• One 12-inch by 12-inch portion to the Installer for optional

laboratory testing.
One 12-inch by 18-inch portion for CQA ENGINEER testing.

• One 12-inch by 12-inch portion for archive storage.

4. Field Testing Procedures

a. The two 1-inch field testing samples shall be tested using a
tensiometer capable of maintaining a constant jaw separation rate
of 2 inches per minute for peel, based on the criteria in Table
02200-2.

b. If the field test passes, CQA ENGINEER'S laboratory sample
qualifies for testing. If the field test fails, the seam shall be
repaired in accordance with Section 3.02 A.6.h.

5. Laboratory Testing Procedures

a. Laboratory testing shall include "Seam Strength" and "Peel
Adhesion." Minimum acceptable values are those shown in Table
02200-2. At least five specimens shall be tested, alternating
between peel and shear methods. In order to pass, a test shall
meet the minimum acceptable values in at least four of the five
specimens tested for each method.
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6. Procedures for Failed Test

a. Either of the following two procedures may be followed
at locations of failed destructive tests at the discretion of
CQA ENGINEER:
• The seam may be repaired between any two passing test

locations.
• The welding path may be traced to an intermediate location

and a sample may be taken with a 1-inch-wide die for
additional field tests. If these additional field tests pass, then
additional full laboratory samples shall be taken. If these
samples pass, the seam shall be repaired between that
location and the next passing test location. If either sample
fails, then the process shall be repeated to eventually establish
the appropriate repair zone.

b. All acceptable repaired seams shall be bounded by locations with
passing laboratory destructive tests.

c. If any repaired seam exceeds 130 feet in length, that zone shall be
retested using the same destructive testing procedures.

h. Defects and Repairs

1. All seams and nonseam areas of the geomembrane shall be examined
by CQA ENGINEER for identification of defects, holes, blisters, and
any sign of defective material. The geomembrane surface shall be
clean at the time of examination.

2. Any area which appears to be damaged or defective shall be tested
using the nondestructive procedures described in Section 3.02 A.6.f, as
determined to be appropriate by CQA ENGINEER. Each location
which fails the nondestructive testing shall be repaired.

3. The type of repair shall be specified by CQA ENGINEER, using one
of the following procedures:
• Patching for large holes or areas of defective materials.
• Spot welding or seaming for small holes or localized flaws.
• Capping for large lengths of failed seams.
• Extrusion welding for areas with failed fusion seams, which have

an exposed edge.
• Seam removal and replacement.

4. Any repair activity must satisfy the following provisions:
• All repaired surfaces shall be clean and dry.
• Surfaces to be repaired using extrusion methods shall be abraded

no more than one hour prior to the repair.
• All repairs shall extend at least 6 inches beyond the edge of any

defect, unless otherwise approved by CQA ENGINEER.
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TABLE 02200-1

FML PROPERTY SPECIFICATION

PROPERTY

Thickness
• Minimum Average
• Minimum

Density

Melt Flow Index

Tensile Properties
• Yield Strength
• Break Strength
• Elongation at Yield
• Elongation at Break

Tear Strength

Puncture Resistance

Low Temperature Brittleness

Carbon Black Content

Carbon Black Dispersion

Dimensional Stability

Environmental Stress Crack

UNIT

mil
mil

g/CC

g/10 min

Ib/in
Ib/in

%
%
Ib

Ib
o p

%

N/A

% Change

Minutes

TEST METHOD

ASTM D1593

ASTM D1505
or D792

ASTM D1238E

ASTM D638
Type IV Modified

ASTM D1004
DieC

ASTM D4833

ASTM D746
Procedure B

ASTM D1603
ASTM D3015

ASTM D1204
212° F 1 hour

ASTM D1693
10% Igepal, 50° C

SPECIFIED
VALUE FOR

eO-MILHDPE*1)

60
54

0.94

<0.3

130
288
12

560

42

80

-60

2.0 to 3.0

A-1,A-2,B-1

± 2

1,500

30747-4000/Fi(100%)/SPECS (3/19/03/nv)

Values are minimum acceptable unless specified otherwise.
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TABLE 02200-2

FML SEAM PROPERTY SPECIFICATION

PROPERTY

Shear Extrusion

Shear Fusion

Peel Extrusion

Peel Fusion

Shear Strength
(film tearbond)

TEST METHOD

ASTM D4437 NSF
Modified

ASTM D4437 NSF
Modified

ASTM D4437 NSF
Modified

ASTM D4437 NSF
Modified

ASTM D4437 NSF
Modified

UNIT

Ib/in

Ib/in

Ib/in

Ib/in

Ib/in

QUALIFIER

Minimum

Minimum

Minimum

Minimum

Minimum

SPECIFIED VALUED
FOR 60-MIL HOPE

126

126

70

98

120

(') Based on NSF 54 Standards.
30747-4000/Fi(100%)/SPECS (3/19/(B/rw)

* * * END OF SECTION * * *
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SECTION 02210
FILTER AND CUSHION GEOTEXTILES

PART 1 GENERAL

1.01 DESCRIPTION

A. The Work includes:
1. Installation of 8-oz. filter geotextile wrap in the drainage trenches for the

reservoir cap.
2. Installation of 16-oz. cushion geotextile between the GCL and the

vegetative soil layer in the engineered soil cover areas.

1.02 QUALITY CONTROL

A. QC for geotextiles consists of the following types of activities which are described in
Part 3, Execution:
1. MANUFACTURERS' certifications that materials satisfy the standard

ASTM properties and Specifications.
2. "As Received" material conformance tests.
3. Field inspections for defects, including related repairs.

B. The following ASTM Reference Standards shall be used for geotextile materials:
1. ASTM D3776 - Standard Test Methods for Mass Per Unit Area (Weight)

of Fabric.
2. ASTM D1777 - Standard Test Method for Thickness of Textile Materials.
3. ASTM D4632 - Standard Test Method for Grab Breaking Load and

Elongation of Geotextiles.
4. ASTM D4533 - Standard Test Method for Trapezoid Tearing Strength of

Geotextiles.
5. ASTM D4833 - Standard Test Method for Index Puncture Resistance of

Geotextiles, Geomembranes and Related Products.
6. ASTM D3786 - Standard Test Method for Hydraulic Bursting Strength of

Textile Fabrics-Diaphragms Bursting Strength Test Method.
7. ASTM D4491 - Standard Test Methods for Water Permeability of

Geotextiles by Permittivity.
8. ASTM D4751 - Standard Test Method for Determining Apparent

Opening Size of a Geotextile.
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1.03 SUBMITTALS

A. No later than 15 days prior to the installation of geotextile materials, CONTRACTOR shall
submit a Geotextiles Placement Plan providing the following information:
1. Resume of the Superintendent to be assigned to this project, including

dates and durations for similar work.
2. A panel layout drawing showing the installation layout and any deviations

from the Drawings. Each layout shall be adequate for use as a
construction plan and shall include dimensions, details, etc.

B. Installation shall not begin for any material until the respective Placement Plan is approved
by ENGINEER.

PART 2 MATERIALS

A. Filter geotextile shall be an 8 oz. per square yard polypropylene geotextile material approved
by ENGINEER.

B. Cushion geotextile shall be a 16 oz. per square yard material approved by ENGINEER.

PART 3 EXECUTION

3.01 MATERIAL QUALITY CONTROL DOCUMENTATION

A. Geotextiles:
1. MANUFACTURER'S Certification

a. The MANUFACTURER of each geotextile material shall provide
CQA ENGINEER with the following information:
• The resin supplier's name and production plant.
• Production dates of the resin.
• Quality test reports which verify adequacy of the resin.
• A list of the materials which comprise the geotextile, expressed

as percent by weight of base polymer, carbon black, other
additives.
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b.

• A specification for the geotextile which includes all
properties associated with the ASTM specifications stated in
Section 1.02 B, including written certification that minimum
values given in Table 02210-1 are guaranteed by the
MANUFACTURER, including signed QC certificates.

The CQA ENGINEER shall document that all of the geotextile
material received is appropriately certified by the
MANUFACTURER, prior to its installation.

2. Conformance Testing
a. Upon delivery, CQA ENGINEER shall obtain conformance test

samples from the geotextile. The samples shall be taken at a rate of
one per lot or one per 100,000 square feet, whichever is greater.
These samples shall be submitted to an appropriate laboratory for
testing to assure conformance to the specifications in Table 02210-1
for the following characteristics:

Fabric weight.
Thickness.
Grab strength.
Grab elongation.
Trapezoidal tear strength.
Puncture resistance.
Mullen burst strength.
Water flow rate.
Permittivity.
Permeability.
Apparent opening size.
UV Resistance

b. If a test result is in nonconformance, all material from the lot
represented by the failing test should be considered out of
specification and rejected unless, as approved by the CQA
ENGINEER, the MANUFACTURER conducts tests from samples
from the two rolls with numbers immediately adjacent to the roll with
the failed sample. If both additional tests pass, the roll that represents
the initial failed test shall be rejected. If one or both of the additional
tests fail, then the entire lot shall be rejected.

3.02 INSTALLATION

A. Geotextile Materials

1. Handling and Installation

a. Prior to installation, geotextile materials shall always be protected from
ultraviolet light exposure by using relatively opaque and watertight wrappings
and covers.
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b. All geotextiles shall be handled to prevent damage, considering the following
types of activities:
• The geotextiles shall be secured and rolled into place in such a manner

which continually keeps the sheet in tension.
• All geotextiles shall be weighted with sandbags (or the equivalent)

during deployment in a manner which prevents wind damage. The
weights shall remain in place until the geotextile is covered.

• The geotextile installation should be conducted using procedures which
prevent damage to underlying materials, including the prevention of
trapping of rock particles.

2. Seaming Procedures

a. All geotextiles on slopes steeper than 10:1 (horizontal to vertical) shall be
continuously sewn. All geotextiles shall have a minimum overlap of 3 inches.
No horizontal seams shall be located on side slopes except as part of a patch.

b. On flatter areas, geotextiles shall be either sewn or thermally bonded.

c. All sewing shall be done using polymeric thread with chemical and ultraviolet
light resistance properties equal to or exceeding those of the geotextile.

3. Defects and Repairs

a. All holes or tears in the geotextile shall be repaired as follows:
• On slopes greater than 10:1, a patch made from the same geotextile shall

be sewn into place.
• On flatter areas, a patch made from the same geotextile shall be sewn or

thermally bonded into place.
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TABLE 02210-1

GEOTEXTILE PROPERTY SPECIFICATION

FABRIC PROPERTY

Fabric Weight
Thickness
Grab Strength
Grab Elongation
Trapezoidal Tear
Strength
Puncture Resistance
Burst Strength
Water Flow Rate
Permittivity (Y)
Permeability (k = Yt)

Apparent Opening Size

UV Resistance

UNIT

oz/yd2

mil
Ib
%

Ib

Ib
psi

gpm/ft2

sec'1

cm/sec

Sieve Size (mm)

% (Retained grab
tensile strength at

500 hours)

TEST METHOD

ASTM D3776

ASTM D1777
ASTM D4632
ASTM D4632

ASTM D4533

ASTM D4833
ASTM D3786

ASTM D4491
ASTM D4491
ASTM D4491

ASTMD4751

ASTM D4355

SPECIFIED
VALUES

(8 oz. filter)

>7.5
>110
>210
>50

>75

>100
>380
>100
>1.25
>0.35

70 (0.210) -
100(0.150)

70

SPECIFIED
VALUES

(16 oz.
cushion)

>16
>160
>400
>60

>150

>240
>750
>50
>0.7
>0.20

100(0.150)

70

30747-4000/Fi(100%)/SPECS (3/19/03/rw)

* * * END OF SECTION * * *
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SECTION 02220
GEOSYNTHETIC CLAY LINERS

PARTI GENERAL

1.01 DESCRIPTION

A. This section includes the requirements for selection, installation and protection of GCL.

1.02 REFERENCES

A. American Society for Testing Materials (ASTM)
1. ASTM D5261, Test Method for Measuring Mass per Unit Area of

Geotextiles.
2. ASTM D4643 (modified), Test Method for Determination of Water

Content of Soil.
3. ASTM D5084, Test Method for Measurement of Hydraulic Conductivity

of Saturated Porous Materials Using a Flexible Wall Permeameter
(modified).

4. ASTM D5321, Test Method for Determining the Coefficient of Soil and
Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct
Shear Method.

5. ASTM D5890, Test Method for Swell Index of Clay Mineral Component
of Geosynthetic Clay Liners.

6. ASTM D4632, Test Method for Grab Breaking Load and Elongation
of Geotextiles.

7. ASTM D3786, Test Method for Hydraulic Bursting Strength of Textile
Fabrics-Diaphragm Bursting Strength Tester Method.

8. ASTM D5891, Test Method for Fluid Loss of Clay Component of
Geosynthetic Clay Liners.

9. ASTM D5993, Test Method for Measuring Mass per Unit of
Geosynthetic Clay Liners.

10. ASTM D5887, Test Method for Measurement of Index Flux Through
Saturated Geosynthetic Clay Liner Specimens Using a Flexible Wall
Permeameter.

11. ASTM D6243, Test Method for Determining the Internal and Interface
Shear Resistance of Geosynthetic Clay Liner by the Direct Shear
Methods.

B. U.S. Pharmacopoeia - National Formulary XVII, page 1210
1. USP-NF-XVII, Test Method for the Free Swell of Bentonite Clay.
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C. Geosynthetics Research Institute, Drexel University
1. GRI-GCL-1, Test Method for the Confined Swell of Geosynthetic Clay

Liners.

1.03 SUBMITTALS

A. Preinstallation: Submit the following to the ENGINEER for approval prior to
GCL deployment:
1. Manufacturer's specification for GCL which includes properties contained

in Tables 02220-1 and 02220-2.
2. Written certification that states the GCL meets the properties listed in

Tables 02220-1 and 02220-2.
3. Written certification from the GCL Manufacturer that states the bentonite

shall not shift during transportation or installation thereby causing thin
spots in the body of the GCL.

4. QC certificates signed by a responsible entity of the GCL Manufacturer.
Each QC certificate shall include roll identification numbers, and results of
QC tests. At a minimum, results shall be given for tests and
corresponding methods specified in Tables 02220-1 and 02220-2.

5. The QC certificates shall be notarized.

1.04 QUALITY ASSURANCE/QUALITY CONTROL

A. The CQA ENGINEER shall review Manufacturer and CONTRACTOR submittals and
qualifications and verify conformance to Specifications. Discrepancies shall be reported to the
PROJECT COORDINATOR. The CQA ENGINEER shall verify that:
1. Property values certified by Manufacturer meet all of its guaranteed

specifications.
2. Measurements of properties by Manufacturer are properly documented

and that the test methods used are acceptable.
3. QC certificates have been provided at the specified frequency for all rolls

and that each certificate identifies the rolls related to it.
4. Roll packages are appropriately labeled.
5. Certified minimum properties meet the project Specifications as shown in

Tables 02220-1 and 02220-2.
6. Conformance results are received and measured properties must meet the

project Specifications.
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B. Manufacturer shall identify all rolls of GCL with the following:
1. Manufacturer's name.
2. Product ID number.
3. Roll number.
4. Roll dimensions.
5. Roll weight.

C. CQA ENGINEER shall prepare an approved roll list for each GCL prior to installation based
upon review of submittals and test results. Upon delivery, CQA ENGINEER shall conduct an
observation of all rolls for defects and/or damages. CQA ENGINEER shall:
1. Match delivered rolls to the packing slip.
2. Record roll information on QA inventory lists.
3. Advise CONTRACTOR of any rolls or portions of rolls which shall

be rejected and removed from the Site.

D. For storage and protection precautions, CONTRACTOR shall:
1. Provide onsite storage area for GCL rolls from time of delivery up to

installation.
2. Store and protect GCL from dirt, water, ultraviolet light exposure,

and other sources of damage after CONTRACTOR mobilization. Do not
allow GCL to be exposed to rain or other sources of wetting.

3. Preserve integrity and readability of GCL roll labels.

E. CONFORMANCE TESTING
1. At a minimum, the following conformance tests shall be performed by the

CQA ENGINEER on all GCL:
a. Internal Shear Strength.
b. Bentonite content at 20 percent moisture content.

2. These conformance tests shall be performed in accordance with the tests
methods and frequencies specified in Table 02220-2.

PART 2 PRODUCTS

2.01 MATERIALS

A. The active ingredient of the GCL shall be natural sodium bentonite. The bentonite shall be
encapsulated between a slit-film woven and a virgin staple fiber nonwoven geotextile (GSE
Bentofix CNSL or equivalent).
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PARTS EXECUTION

3.01 SUBGRADE PREPARATION

A. The subgrade shall be prepared in a manner consistent with proper subgrade preparation
techniques for the installation of geosynthetic materials. CONTRACTOR shall provide
ENGINEER with a subgrade surface acceptance document.

B. Acceptance of proper subgrade preparation requires the following:
1. Verification that line and grades shown in Drawings have been met.
2. Verification that subgrade soil meets the density required by the

specifications.
3. A surface free of irregularities, protrusions, loose soil, and abrupt changes

in grade.
4. The subgrade surface does not contain stones, excessive dust or moisture

that could damage the GCL.
5. There are no areas excessively softened by high water content
6. There are no areas where surface soil contains desiccation cracks with

dimensions exceeding those allowed by the specifications.

C. The subgrade shall be properly compacted so as not to settle and cause excessive strains in the
GCL or other synthetic liner materials.

D. CONTRACTOR shall ensure that rutting or raveling is not caused by installation equipment
and that the surface is free of debris, roots or angular stones larger than 3/4-inch in diameter.

E. Prior to installation, CONTRACTOR shall ensure that the subgrade has been rolled to provide
smooth surface.

3.02 DEPLOYMENT AND SEAMING

A. CONTRACTOR shall handle all GCL in such a manner as to ensure that these materials are
not damaged, and the following conditions shall be complied with:
1. On slopes, the GCL shall be securely anchored and then rolled down the

slope in such a manner as to continually keep the GCL sheet in tension.
2. In the presence of wind, GCL shall be weighted with sandbags or the

equivalent. Such sandbags shall be installed during deployment and shall
remain until replaced with cover material.
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3.03 DEFECTS AND REPAIRS

A. Holes or tears in the GCL shall be repaired as follows:
1. Care shall be taken to remove any soil or other material which may have

penetrated the torn GCL.
2. Damaged areas shall be repaired by placing a patch of the same material

extending at least 2 inches beyond the flaw or damaged area. Seams shall
be repaired by overlapping GCLs at least 1 foot.

B. The CQA ENGINEER shall observe any repairs and report any nonconformance to the
PROJECT COORDINATOR in writing.

3.04 GCL PROTECTION

A. All soil materials located on top of GCL shall be deployed in such a manner as to ensure:
1. The GCL and underlying lining materials are not damaged.
2. Minimal slippage of the GCL on underlying layers occurs.
3. No excess tensile stresses occur in the GCL.

B. Any noncompliance shall be noted by CQA ENGINEER and reported to the PROJECT
COORDINATOR.

C. CONTRACTOR shall be responsible for the condition of the GCL at all times until CQA
ENGINEER accepts the material for placement of overlying layers.
1. GCL shall be cut using a geotextile cutter (hook blade), scissors, or other

approved device. Adjacent materials shall be protected to prevent potential
damage due to cutting of GCL.

2. CONTRACTOR shall take any necessary precautions to prevent damage
to underlying layers during placement of the GCL.

3. During placement of GCL, care shall be taken not to entrap in or beneath
the geotextile, stones, excessive dust, or moisture that could damage the
geomembrane, cause clogging of drains or filters, or hamper subsequent
seaming.

4. A visual examination of the GCL shall be carried out over the entire
surface, after installation, to ensure that no potentially harmful foreign
objects, such as needles, are present.

5. GCL shall not be placed in the rain or at times of impending rain or
ponded water.

6. GCL that becomes hydrated before placement of overlying geomembrane
or a minimum of 12 inches of approved cover soil shall be replaced.
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7. Generally, the amount of GCL that shall be deployed shall be limited to the
amount that can be covered during that day by geomembrane or a
minimum of 12 inches of approved cover soil.

8. The preferred GCL surface shall be oriented in relation to prepared soil or
other geosynthetics as directed by CQA ENGINEER.

D. On slopes, GCL shall be overlapped to Manufacturer's match line.

E. Generally, no horizontal seams are allowed on sideslopes. At sumps, overlap GCLs at least
1 foot.

F. GCL shall overlap low permeability soil at least 5 feet.

G. If needle-punch GCL is used, the seams shall be treated with 1/4-pound per linear foot of
powdered bentonite.

H. If white colored GCL is used, precautions shall be taken against "snowblindness"
of personnel.

J. CQA ENGINEER shall preapprove GCL rolls for use in construction and give an approved
roll list to CONTRACTOR. CQA ENGINEER shall observe GCL rolls for defects and
damages as they are deployed and ensure the deployment methods do not damage the GCL.
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TABLE 02220-1

GCL PROPERTY REQUIREMENTS

PROPERTY

Bentonite

Swell

Fluid Loss

Moisture Content

Textile Backings

Weight

GCL (Composite Product)

Grab Tensile

Grab Elongation

Peel Strength

Permeability

Bentonite Mass per Unit Area

Index Flux

Peak Internal Shear Strength^2)

UNIT

ml/2g

ml

%

oz/sy

Ib.

%

Ib.

cm/sec

lb/ft2

cm/sec.

psf

TEST METHOD

ASTM D5890

ASTM D5891

ASTM D4643

ASTM D5261

ASTM D4632

ASTM D4632

ASTM D4632

ASTM D5084

ASTM D5993

ASTM D5887

ASTM D6243

VALUE

24 (min.)

18 (max.)

12 (max.)

6.0

95 (min.)

100 typical

15 (min.)

5xlO-10(max.)

0.75 (min.)
@ 0% moisture

5 x lO-9 (max.)

500 typical
@ 200 psf

normal load
30747-4000/Fi(100%)Specs (3/25/03/rw)

For MQC Testing of geosynthetics, values shall be Minimum Average Roll Values (MARV).
The confining pressures shall be 100, 200 and 400 psf and the shear rate of 1 mm/min.
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TABLE 02220-2

CONFORMANCE TESTING

PROPERTY

Bentonite Content @ 20%
Moisture Content

Peak Internal Shear Strength

TEST METHOD

Weigh
12" x roll width

ASTM D6243

REQUIRED
VALUE

0.9

500
@ 200 psf

normal load

UNITS

Ibs/sq. ft.

psf

MIN. TEST
FREQ.

1/20,000 sf

2/40,000 sf

37047-4000/Fi(100%)Specs (03/25/03/nv)

** END OF SECTION **
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SECTION 02230
GEOCOMPOSITES

PARTI GENERAL

1.01 DESCRIPTION

A. The Work includes installation of two single-sided geocomposites in the reservoir cap, one
to serve as part of the gas venting system and the other as a drainage layer for
surface infiltration.

1.02 QUALITY CONTROL

A. QC for geocomposite drainage nets consists of the following types of activities which are
described in Part 3, Execution:
1. MANUFACTURERS' certifications that materials satisfy the standard

ASTM properties and Specifications.
2. "As Received" material conformance tests.
3. Field inspections for defects, including related repairs.

B. The following ASTM Reference Standards shall be used for geocomposite drainage net:
1. ASTM D1505 - Polymer Density.
2. ASTM D1238E, Method E - Polymer Melt Index.
3. ASTM D1603 - Carbon Black Content.
4. ASTM D1777 - Nominal Thickness.
5. ASTM D3776 - Nominal Mass per Unit Area.
6. ASTM D4716 - Transmissivity at 15,000 psf.
7. ASTM D1682 - Tensile Strength/Machine Direction.

1.03 SUBMITTALS

A. No later than 15 days prior to the installation of geocomposite drainage net materials,
CONTRACTOR shall submit a Geocomposite Placement Plan providing the following
information:

1. Resume of the Superintendent to be assigned to this project, including dates and durations
for similar work.

2. A panel layout drawing showing the installation layout and any deviations from the
Drawings. Each layout shall be adequate for use as a construction plan and shall include
dimensions, details, etc.
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B. Installation shall not begin for any material until the respective Placement Plan is approved
by ENGINEER.

PART 2 MATERIALS

A. Geocomposite drainage net shall be Fabrinet or equivalent with an 8-ounce polypropylene
geotextile thermally bonded to one side, or equivalent material approved by ENGINEER.

PARTS EXECUTION

3.01 MATERIAL QUALITY CONTROL DOCUMENTATION

A. Geocomposites:
1. Certification

a. Prior to installation of any geocomposite, MANUFACTURER or
CONTRACTOR shall provide CQA ENGINEER with the following
information:
• Property values certified by MANUFACTURER to meet guaranteed

specifications.
• Reports on tests conducted by MANUFACTURER to verify that the

quality of the raw material used to manufacturer the geocomposite
meets MANUFACTURER'S specifications.

• Written certification that drainage net is manufactured by extruding two
sets of strands to form a three-dimensional structure to provide planar
water flow, and that the drainage net shall contain stabilizers to prevent
ultraviolet light degradation.

• Written certification that the geocomposite shall be manufactured by
heat bonding the geocomposite to the HDPE drainage net on one side.
No burn-through geocomposites, glue or adhesives shall be permitted.

• A specification for the geocomposite which includes all properties
associated with the Specifications stated in Table 02230-1 are
guaranteed by MANUFACTURER, including a signed
QC certificate(s).

• MANUFACTURER shall provide verification that the bond between
the geotextile and the HDPE drainage net shall exhibit a minimum peel
strength of 0.5 pounds per inch, and an average peel strength of
1 pound per inch (per ASTM D413). Peel strength shall be tested
approximately every 600 linear feet.
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• MANUFACTURER shall submit samples of the geocomposite to
ENGINEER and CQA ENGINEER. MANUFACTURER shall also
furnish a complete set of written instructions for storage, handling,
installation and joining.

• QC certificates, signed by responsible party employed by
MANUFACTURER. The QC certificates shall indicate that the
materials meet the designated specification.

• MANUFACTURER shall supply the geocomposite in rolls, marked or
tagged with the following:
- MANUFACTURER'S name.

Production identification.
Lot number.
Roll number.
Roll dimensions.

b. CQA ENGINEER shall document that all of the geocomposite material received
is appropriately certified by MANUFACTURER, prior to its installation.

2. Conformance Testing
a. CONTRACTOR shall collect all conformance samples as directed by

CQA ENGINEER. Upon delivery of the rolls of geocomposite,
CQA ENGINEER shall ensure that conformance test samples are obtained for
the geocomposite. These samples shall then be forwarded to the geosynthetics
QAL for testing to ensure conformance to the project specifications. CQA
ENGINEER shall prepare Chain-of-Custody forms to be completed by all
parties and returned to CQA ENGINEER for QA records.

b. At a minimum the following conformance tests shall generally be performed
on geocomposites:

Polymer density.
Polymer melt.
Carbon black content.
Thickness.
Mass permit area.
Transmissivity.
Tensile strength.
Fabric weight.
Grab strength and elongation.
Trapezoidal tear strength.
Puncture resistance.
Mullen burst strength.
Water flow rate.
Permittivity.
Permeability.
Apparent opening size.

c. These conformance tests shall be performed in accordance with the test
methods specified in the Specifications (Table 02230-1). Other
conformance tests may be required by the project specifications.
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3. The rolls to be sampled shall be selected by CQA ENGINEER. Samples shall
be taken across the entire width of the roll and shall not include the first complete
revolution of fabric on the roll. Samples shall not be taken from any portion of a
roll which has been subjected to excess pressure or stretching. Unless otherwise
specified, samples shall be 3 feet long by the roll width. CQA ENGINEER shall
mark the machine direction on the samples with an arrow. All lots of material
and the particular test sample that represents each lot should be defined before
the samples are taken.

4. A lot shall be defined as a group of consecutively numbered rolls from the same
manufacturing line. Alternatively, a lot may be designated by CQA ENGINEER
based on a review of roll information including QC documentation and
manufacturing records.

5. Unless otherwise specified, samples shall be taken at a rate of one per lot, not to
exceed one conformance test per 100,000 square feet of geocomposite.

6. All conformance test results shall be reviewed and accepted or rejected by
CQA ENGINEER prior to the deployment of the geocomposite.

7. CQA ENGINEER shall examine all results from laboratory conformance testing
and shall report any nonconformance to OWNER. CQA ENGINEER shall be
responsible for checking that test results meet or exceed the property values listed
in the Specifications and review any nonconforming results with ENGINEER
prior to acceptance or rejection.

8. If a test result is in nonconformance, all material from the lot represented by the
failing test can be considered out of specification and rejected. Alternatively, at
the option of the CQA ENGINEER , additional conformance test samples may
be taken to "bracket" the portion of the lot not meeting specifications (this
procedure is valid only when all rolls onsite in the lot are consecutively produced
and numbered from one manufacturing line). To isolate the out of specification
material, additional samples must be taken from rolls that have roll numbers
immediately adjacent (next smaller and next larger) to the roll that was sampled
and failed. If both additional tests pass, only the roll that represents the initial
failed test shall be rejected. If one or both of the additional tests fail, then the
entire lot shall be rejected or the procedure repeated with two additional tests that
bracket a greater number of rolls within the lot, until passing tests are achieved on
either side numerically from the original failed roll.

9. Supplier shall be responsible for shipment and onsite storage of geocomposite
rolls. The geocomposites shall be protected from ultraviolet light exposure,
precipitation or other inundation, mud, dirt, dust, puncture, cutting, or any other
damaging or deleterious conditions. Geocomposite rolls shall be shipped and
stored in relatively opaque and watertight wrappings. Wrappings shall be
removed shortly before deployment.
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3.02 INSTALLATION

A. Geocomposite Materials

1. Handling and Installation

a. Installer shall handle all geocomposites in such a manner as to ensure they
are not damaged, and the following shall be complied with:
• Prior to installation, geocomposite materials shall be protected from

ultraviolet light exposure by using relatively opaque and watertight
wrappings and covers.

• On slopes, the geocomposites shall be securely anchored and then
rolled down the slope in such a manner as to continually keep the
geocomposite sheet in tension.

• In the presence of wind, all geocomposites shall be weighted with
sandbags or the equivalent. Such sandbags shall be installed during
deployment and shall remain until replaced with cover material.

• Geocomposites shall be cut using a geocomposite cutter (hook blade)
only. If in place, special care shall be taken to protect other materials from
damage which could be caused by the cutting of the geocomposites.

• Installer shall take any necessary precautions to prevent damage to
underlying layers during placement of the geocomposite.

• During placement of geocomposites, care shall be taken not to entrap in
or beneath the geocomposite, stones, excessive dust, or moisture that
could damage the geocomposite, cause clogging of drains or filters, or
hamper subsequent seaming.

• A visual examination of the geocomposite shall be carried out over the
entire surface, after installation, to ensure that no potentially harmful
foreign objects, such as needles, are present.

b. All adjacent geocomposite panels shall be overlapped a minimum of 4 inches.

c. CONTRACTOR shall pay particular attention to ensure that no protective
soil cover material could be inadvertently inserted beneath the geocomposite.
In general, no horizontal seams shall be allowed on side slopes, except as
part of a patch.

d. CQA ENGINEER shall preapprove geocomposite rolls for use in
construction and give an approved roll list to CONTRACTOR. CQA
ENGINEER shall observe geocomposite rolls for defects and damages
as they are deployed and ensure that deployment methods do not damage the
geocomposites.

e. Adjacent geocomposite shall be joined according to Drawings and
Specifications. At a minimum, the following requirements shall be met:
• Adjacent rolls shall be overlapped by at least 4 inches.
• Overlaps shall be secured by tying.
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• Tying can be achieved by plastic fasteners of polymer grade. Tying
devices shall be white or yellow for easy inspection. Metallic devices
are not allowed.

• Tying shall be every 5 feet along the slope, every 6 inches in the anchor
trench, and every 6 inches along end-to-end seams on the base of the
landfill.

• In general, no horizontal seams shall be allowed on sideslopes.

f. Each geocomposite shall be securely anchored by CONTRACTOR to
ensure that no slippage occurs during construction or operations. Details of
anchor trench construction are shown in the Drawings.

g. CONTRACTOR shall clean geomembrane layer surfaces prior to placing
geocomposite.

2. Defects and Repairs

a. Holes or tears in the geocomposite shall be repaired as follows:
• On slopes, a patch made from the same geocomposite shall be

thermally bonded into place a minimum of 6 inches beyond the hole in
all directions, in accordance with the project specifications. Should any
tear exceed 10 percent of the width of the roll, that roll shall be removed
from the slope and replaced.

• Care shall be taken to remove any soil or other material which may have
penetrated the torn geocomposite.

3. Geocomposite Protection

a. All soil materials located on top of a geocomposite shall be deployed in such
a manner as to ensure:
• The geocomposite and underlying geosynthetic materials are not damaged.
• Minimal slippage of the geocomposite on underlying layers occurs.
• No excess tensile stresses occur in the geocomposite.
• Soil does not contaminate the net.

b. Any noncompliance shall be noted by CQA ENGINEER and reported
to OWNER.

c. CONTRACTOR shall be responsible for the condition of the geocomposite
at all times until CQA ENGINEER accepts the material for placement of
overlying layers.
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TABLE 02230-1

MINIMUM PHYSICAL PROPERTIES OF
GEOCOMPOSITE

DRAINAGE NET PROPERTY SPECIFICATION

PROPERTY

Polymer Density

Polymer Melt Index

Carbon Black Content

Nominal Thickness

Nominal Mass Per Unit Area

Transmissivity at 15,000 psf

Tensile Strength/Machine Direction

TEST METHOD

ASTM D1505

ASTM D1238,
Method E

ASTM D1603

ASTM D1777

ASTM D3776

ASTM D4716

ASTM D1682

UNIT

g/cm^

g/10 min

%

mil

Ib/ft2

m/sec2

Ib/in

QUALIFIER

Minimum

Maximum

Range

Minimum

Minimum

Minimum

Minimum

VALUE

0.937

1.0

2 to 3

220

0.18

1 x lO-3

50

GEOTEXTILE PROPERTY SPECIFICATION

FABRIC PROPERTY

Fabric Weight

Thickness

Grab Strength
Grab Elongation

Trapezoidal Tear Strength
Puncture Resistance

Mullen Burst Strength

Water Flow Rate

Permittivity (Y)

Permeability (k = Yt)
Apparent Opening Size

UNIT

oz/yd2

mil
Ib
%
Ib
Ib

psi

gprn/ft2

sec"'
cm/sec

Sieve Size (mm)

TEST METHOD

ASTM D3776

ASTM D1777
ASTM D4632
ASTM D4632
ASTM D4533
ASTM D4833
ASTM D3786
ASTM D4491

ASTM D4491

ASTM D4491
ASTMD4751

QUALIFIER

Minimum

Minimum

Minimum
Minimum
Minimum
Minimum
Minimum
Minimum

Minimum

Minimum
Range

SPECIFIED
VALUES

7.5

110
210
50
75
100
380
100

1.25

0.35

70(0.210)-
100(0.149)
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* * # END OF SECTION * * *
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SECTION 02260
VEGETATIVE SOIL LAYER

PARTI GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall place vegetative soil cover layer over the drainage layer single-sided
geocomposite in the reservoir area and the cushion geotextile in the RCRA Subtitle
D-equivalent areas following approval from CQA ENGINEER.

PART 2 MATERIALS

A. The vegetative layer shall be topsoil material and/or soil meeting the requirements of
Specification Section 02100 capable of providing the proper base for establishing surficial
grasses for exterior protection as required in Section 02600.

B. The material shall be free of rock or other pieces greater than 2 inches in any direction.

PART 3 EXECUTION

A. The layer shall be placed in two 1-foot lifts and compacted to a minimum of 85 percent of
maximum dry density as determined by ASTM D1557.

B. No equipment shall be operated on the top surface of geosynthetics without permission from
the ENGINEER. Select fill shall be pushed out over geosynthetics in an upward tumbling
motion so that wrinkles in geosynthetics do not fold over. Soil shall not be dropped directly
onto geosynthetics from a height greater than 3 feet. On slopes, select fill shall be placed from
the bottom of the slope upward.

C. The first lift of soil placed over geosynthetics shall be a minimum of 12 inches in loose
thickness. Low ground pressure equipment with ground pressures less than 7 psi shall be
used to place and traffic compact the first lift of select fill. Traffic compaction shall consist of
a minimum of 2 passes over all areas.

30747/1 00% Specs (03/25/03) 02260-1
Customer-Focused Solutions



D. The loose lift thickness of each subsequent lift shall be no greater than 12 inches. Low ground
pressure equipment shall be used to place the second lift of select fill. Full scale placement and
compaction equipment shall be allowed on areas underlain by geosynthetics only after the
second loose lift of soil has been placed.

* * * END OF SECTION * * *
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SECTION 02270
GEOGRIDS

PARTI GENERAL

1.01 DESCRIPTION

A. The work includes installation of a geogrid as part of the contingency foundation layer in areas
over exposed waste or existing soil cover that exhibit bearing capacity failure during
construction or an inability to place and/or compact overlying layers according to the
Specifications.

1.02 QUALITY CONTROL

A. QC for geogrids consists of the following types of activities which are described in Part 3,
Execution:
1. MANUFACTURERS' certifications that materials satisfy the standard

ASTM properties
and Specifications.

2. "As Received" material conformance tests.
3. Field inspections for defects, including related repairs.

B. The following Reference Standards shall be used for geogrid materials:
1. ASTM D4759 - Standard Practice for Determining the Specification

Conformance of Geosynthetics.
2. ASTM D1388-96 - Standard Test Method for Stiffness of Fabrics,

Option A.
3. ASTM D5732-95 - Standard Test Method for Stiffness of Nonwoven

Fabrics using the cantilever test.
4. ASTM D5262-97 - Standard Test Method for Evaluating Unconfined

Tensile Creep Behavior of Geosynthetics.
5. ASTM D5818-95 - Practice for Obtaining Samples of Geosynthetics

from a Test Section for Assessment of Installation Damage.
6. ASTM D6637-01 - Standard Test Method for Determining Tensile

Properties of Geogrids by the Single or Multi-rib Tensile Method.
7. GRI GG2-87 - Standard Test Method for Geogrid Junction Strength.

1.03 SUBMITTALS

A. Prior to installation of geogrid materials, CONTRACTOR shall submit geogrid product
samples and MANUFACTURER'S Specifications to the ENGINEER for approval.
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B. CONTRACTOR shall submit a placement plan to the ENGINEER for approval prior to
installation of the geogrid.

PART 2 MATERIALS

A. Geogrid shall be Tensor BX1200 or equivalent material approved by ENGINEER and shall
meet the specifications below for Tensor BX1200

1. The structural geogrid shall be an integrally formed grid structure manufactured of a stress
resistant polypropylene material with molecular weight and molecular characteristics which
impart: (a) high resistance to loss of load capacity or structural integrity when the geogrid
is subjected to mechanical stress in installation; (b) high resistance to deformation when the
geogrid is subjected to applied force in use; and (c) high resistance to loss of load capacity
or structural integrity when the geogrid is subjected to long-term environmental stress.
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The structural geogrid shall have the following characteristics:

Product Type:

Load Transfer Mechanism:
Product Properties
Index Properties

Integrally Formed Structural Geogrid

Positive Mechanical Interlock
Units MD Values'1) XMD Values'1)

• Aperture Dimensions'2)

• Minimum Rib Thickness '2)

Load Capacity

• True Initial Modulus in Use'3)

True Tensile Strength @2% Strain*3)

True Tensile Strength @5% Strain'3)

Structural Integrity

• Junction Efficiency'4-1

• Flexural Stiffness'5)

• Aperture Stability'6)

Durability

• Resistance to Installation Damage'7)

• Resistance to Long-Term Degradation'8)

mm (in)

mm (in)

kN/m(lb/ft)

kN/m(lb/ft)

kN/m(lb/ft)

%

mg-cm
kg-cm/deg

%SC / %SW / %GP

%

25(1.0)

1.27(0.05)

400 (27,420)

6.0 (410)

11.8(810)

93

750,000

6.5

91 / 91/85

100

33(1.3)

1.27(0.05)

650 (44,550)

8.6 (590)

19.6(1,340)

'') Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM
D-4759. Brief descriptions of test procedures are given in the following notes.

'2) Nominal Dimensions.
'3) True resistance to elongation when initially subjected to a load measured via ASTM D6637 without deforming

test materials under load before measuring such resistance or employing "secant" or "offset" tangent methods of
measurement so as to overstate tensile properties.

'4) Load transfer capability measured via GRI-GG2-87. Expressed as a percentage of ultimate tensile strength.
'5) Resistance to bending force measured via ASTM D-5732-95, using specimens of width two ribs wide, with

transverse ribs cut flush with exterior edges of longitudinal ribs (as a "ladder"), and of length sufficiently long to
enable measurement of the overhang dimension. The overall Flexural Stiffness is calculated as the square root
of the product of machine-and cross-machine-direction Flexural Stiffness values.

'6) Resistance to in-plane rotational movement measured by applying a 20 kg-cm moment to the central junction of
a 9 inch x 9 inch specimen restrained at its perimeter (U.S. Army Corps of Engineers Methodology for
measurement of Torsional Rigidity).

'7) Resistance to loss of load capacity or structural integrity when subjected to mechanical installation stress in
clayey sand (SC), well graded sand (SW), and crushed stone classified as poorly graded gravel (GP). The geogrid
shall be sampled in accordance with ASTM D5818 and load capacity shall be measured in accordance with
ASTM D6637.

'8) Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments
measured via EPA 9090 immersion testing.
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PART 3 EXECUTION

3.01 MATERIAL QUALITY CONTROL DOCUMENTATION

A. Geogrid

1. MANUFACTURER'S Certifications
a. CONTRACTOR shall provide CQA ENGINEER with MANUFACTURERS

Certification that the geogrid is in compliance with this specification including actual
test results for tension/creep, durability/aging, construction damage, joint strength and
tensile testing per Reference Standards in Section 1.02 and per MANUFACTURER'S
Specifications for Tensor BX1200.

2. Examination By CONTRACTOR
a. CONTRACTOR shall verify that the proper material has been received and that it is

free of flaws or damage incurred during manufacturing, shipping or handling.

3.02 INSTALLATION

A. Follow the MANUFACTURER'S recommendations regarding protection from exposure to
sunlight.

B. Geogrid shall be laid as shown on the construction drawings or as directed by the
ENGINEER. Geogrid may be temporarily secured in place with staples, pins, sand bags, or
backfill as required by fill properties, fill placement procedures, or weather conditions, or as
directed by the ENGINEER.

C. Geogrid soil reinforcement shall be connected/spliced when required to provide continuity of
tensile resistance. Geogrids manufactured using polyolefins (e.g., HOPE and PP) shall be
connected with a mechanical polymer bar.

D. Overlap connections may be used if the CONTRACTOR provides the ENGINEER
independent test documentation which demonstrates that the load/deformation characteristics of
the overlap of geogrid materials is equal to or exceeds those of the geogrid. The minimum
overlap shall be 5 feet.
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E. Tracked construction equipment shall not be operated directly on the geogrid. A minimum fill
thickness of 6 inches is required prior to operation of tracked vehicles over the geogrid.
Turning of tracked vehicles over the geogrid shall not be permitted until a fill thickness above
the geogrid of 12 inches is achieved to prevent tracks from displacing the fill and damaging the
geogrid.

* * * END OF SECTION * * *

30747/100% Specs (03/25/03) 02270-5
Customer-Focused Solutions



SECTION 02300
BURIED PVC PIPE INSTALLATION

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes:
1. The 2-inch-diameter perforated, 4-inch-diameter and 6-inch-diameter PVC

pipe to be used in the passive gas venting systems over the reservoir and
beneath existing buildings.

2. The 4-inch and 16-inch-diameter PVC pipe to be used in the storm drain
system.

1.02 QUALITY CONTROL

A. The following Reference Standards shall be used:
1. American Society for Testing and Materials (ASTM):

a. ASTM D638-99 - Test Method for Tensile Properties of Plastics
b. ASTM D790-99 - Test Method for Flexural Properties of

Unreinforced and Reinforced Plastics and Electrical Insulating
Materials,

c. ASTM D1238-99 - Test Method for Flow Rates of Thermoplastics
by Extrusion Plastometer.

d. ASTM Dl 505-98 - Test Method for Density of Plastics by the
Density-Gradient Technique.

e. ASTM D1693-00 - Test Method for Environmental Stress Cracking
of Ethylene Plastics,

f. ASTM D-1784 - Rigid Poly (Vinyl Chloride) (PVC) Compounds
and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds.

g. ASTM D-1785 - Standard Specification for Poly (Vinyl Chloride)
(PVC) Plastic Pipe, Schedules 40, 80 and 120.

h. ASTM D-2466 - Socket Type Poly (Vinyl Chloride) (PVC) Plastic
Pipe Fittings, Schedule 40.

i. ASTM D-2564 - Standard Specification for Solvent Cements for
Poly (Vinyl Chloride) (PVC) Plastic Piping Systems,

j. ASTM D-2665 - Standard Specification for Poly (Vinyl Chloride)
(PVC) Plastic Drain, Waste, and Vent Pipe and Fittings,

k. ASTM D-2729 - Standard Specification for Poly (Vinyl Chloride)
(PVC) Sewer Pipe and Fittings.

I. ASTM D-2855 - Standard Practice for Making Solvent-Cemented
Joints with Poly (Vinyl Chloride) (PVC) Pipe and Fittings.
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B. CQA ENGINEER shall verify the proper manufacturer's certifications and identifiers and that
conformance test results meet specifications for all piping prior to acceptance for placement.
CQA ENGINEER shall observe pipe placement and connection procedures to confirm that the
CONTRACTOR has completed the work in accordance with the Drawings and Specifications,
and has not damaged the piping or left a loose/leaking connection. Details of field quality
control are given in Subsection 3.02.

1.03 SUBMITTALS

A. CONTRACTOR shall submit manufacturers test data showing conformance with
Specifications in Section 1.02A.

B. Submittals by CONTRACTOR shall be in accordance with Section 01410.

C. If MANUFACTURER'S test data is inadequate or unavailable, the ENGINEER reserves the
right to reject shipments. Costs of shipment shall be borne by CONTRACTOR.

PART 2 MATERIALS

2.01 RESERVOIR CAP GAS VENTING SYSTEM AND STORM DRAIN SYSTEM PIPE

A. Pipe sizes, type and location are designated in the Drawings. Acceptable manufacturers in the
U.S. include:
1. Harvel Plastics, Inc., Bakersfield, California.
2. Asahi America, Maiden, Massachusetts.
3. Harrington Industrial plastics, Inc., Chino, California.
4. Or equivalent, as approved by ENGINEER.

B. Perforated pipe:
1. The 2-inch-diameter reservoir gas extraction system pipe shall be Schedule

40 socket type PVC with twenty 0.05-inch uniformly-spaced perforations
per foot. Four perforations shall be placed at 90 degree separations
around the pipe.

2. The 2-inch-diameter gas extraction system pipe beneath existing buildings
shall be Schedule 40 PVC with perforations making up a minimum of
5 percent of the surface area of the pipe and symmetrical around the pipe.
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C. Nonperforated pipe:
1. The 4-inch- and 6-inch-diameter gas venting pipe shall be Schedule 80

socket type PVC.
2. The 4-inch- and 16-inch-diameter storm drain pipe shall be Schedule 40

socket type PVC.

D. Marking shall be at intervals of 5 feet or less and include the following information:
1. MANUFACTURER'S name or trademark.
2. Nominal pipe size.
3. Material type, HDPE, PVC, etc.
4. Legend: pipe grade, SDR (if applicable).
5. ASTM designation (as appropriate).
6. Extrusion date, period of manufacture or lot number (plastic pipe).

2.02 FITTINGS AND BOOTS

A. Fittings shall be molded from PVC (Polyvinyl Chloride) having cell classification equal to or
exceeding that used in pipe conforming to ASTM D1784.

B. Fittings shall be of same manufacturer as pipe being provided.

C. Manufacturers Markings shall include the following information:
1. Manufacturer's name or trademark.
2. Nominal size.
3. Material designation "PVC."
4. ASTM D1785.

PART 3 EXECUTION

3.01 INSTALLATION

A. Pipe trenches shall be excavated, backfilled and compacted in accordance with Section 02180.

B. The PVC pipe and pipe fittings shall be joined by use of solvent-based cement manufactured in
accordance with ASTM D2564.

C. Joining of PVC pipe shall be performed by a qualified person. Thermal expansion shall be
accounted for during placement of the PVC pipe.
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D. Pipe shall be cleaned and inspected on the inside prior to assembly. Open pipe ends shall be
capped or equivalently taped at the end of each working day.

E. The pipe boot at the low point in the reservoir cap drainage trench shall be prefabricated as one
piece by an HDPE manufacturer, or other specialist in plastic fabrication, approved by the
CQA ENGINEER and supplied by CONTRACTOR. The liner boot shall be fabricated to
match the constructed grades as shown on the Drawings, and shall be tested to assure water
tightness prior to delivery. CONTRACTOR shall provide certification of the test prior
to installation as per requirements in Section 01410.

F. The pipe boot shall be secured to the pipes with a 1.5-inch wide stainless steel (Type A316)
ring clamp. A 1.5-inch wide double-sided mastic tape (3M or equivalent) shall be placed
between the pipe and the pipe boot, directly beneath the ring clamp. The boot shall be secured
to the HDPE geomembrane at locations shown on the Drawing by HDPE fusion welds
performed by a qualified fusion welder.

G. CONTRACTOR shall verify integrity of piping systems in accordance with Section 3.02 of
these specifications.

3.02 FIELD QUALITY CONTROL

A. Pipe may be rejected for failure to conform to Specifications for the following reasons.
1. Fractures or cracks passing through pipe wall, except a single crack not

exceeding 5 centimeters (2 inches) in length at either end of pipe which
could be cut off and discarded. All pipes within one shipment shall be
rejected if defects exist in more than 5 percent of the shipment or delivery.

2. Cracks sufficient to impair strength, durability or serviceability of the pipe.
3. Defects indicating improper proportioning, mixing or molding.
4. Damaged ends, whereas such damage would prevent making a satisfactory

joint.

B. Acceptance of fittings, stubs or other specially fabricated pipe sections shall be based on visual
inspection at job site and documentation that they conform to these Specifications.

* * * END OF SECTION * * *

30747/100% Specs (03/25/03) 02300-4
Customer-Focused Solutions



SECTION 02310
FRENCH DRAIN TRENCH PIPE

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes:

1. The 4-inch diameter perforated pipe to be used in the French drain trench.

1.02 QUALITY CONTROL

A. The following Reference Standards shall be used:

1. American Society for Testing and Materials (ASTM):
a. ASTM D3350 - Standard Specification for polyethylene plastics pipe

and fittings materials,
b. ASTM D2412 - Standard Test method for determination of external

loading characteristics of plastic pipe by parallel-plate loading,
c. ASTM F477 - Standard Specification for elastomeric seals (gashets)

for joining plastic pipe,
d. ASTM D2321 - Standard practice for underground installation of

thermoplastic pipe for sewers and other gravity-flow applications.
e. ASTM F405 - Standard Specification for corrugated polyethylene

(PE) tubing and fittings.

2. American Association of State Highway and Transportation Officials (AASHTO)
a. AASHTO M252 - Corrugated polyethylene drainage tubing,
b. AASHTO M294- Corrugated polyethylene plastic pipe.

B. CQA ENGINEER shall verify the proper MANUFACTURER'S certifications and identifiers
and that conformance test results meet Specifications for all piping prior to acceptance for
placement. CQA ENGINEER will observe pipe placement and connection procedures to
confirm that the CONTRACTOR has completed the work in accordance with the Drawings
and Specifications, and has not damaged the piping. Details of field quality control are given
in Subsection 3.02.
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1.03 SUBMITTALS

A. CONTRACTOR shall submit MANUFACTURER'S Test data showing conformance with
Specifications in Section 1.02A.

B. Submittals by CONTRACTOR shall be in accordance with Section 01410.

C. If MANUFACTURER'S Test data is inadequate or unavailable, the ENGINEER reserves the
right to reject shipments. Costs of shipment shall be borne by CONTRACTOR.

PART 2 MATERIALS

2.01 RESERVOIR FRENCH DRAIN PIPE

A. The 4-inch-diameter French drain trench pipe shall be smooth interior perforated corrugated
HOPE pipe by Advanced Drainage Systems (ADS) or equal. Perforations shall be per ADS
Standard Pipe Perforations for 4-inch pipe or equal (.875-inch length x .125-inch width).
Perforations shall be placed on each side of the pipe 60 degrees from the bottom.

B. Markings shall be at intervals of 5 feet or less and shall include the following information:
1. MANUFACTURER'S name or trademark.
2. Nominal pipe size.
3. Material type.
4. Pipe stiffness.
5. ASTM designation (ASTM D3350).
6. Period of manufacture or lot number.

2.02 FITTINGS

A. Fittings shall be of the same MANUFACTURER as pipe being provided.

B. MANUFACTURER'S Markings shall include the following information:
1. MANUFACTURER'S name or trademark.
2. Nominal size.
3. Material type.
4. ASTM designation (ASTM D3350).
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3.01 INSTALLATION

A. Pipe trenches shall be excavated, backfilled and compacted in accordance with Section 02180.

B. Fittings may be installed by various methods such as snap-on, bell and spigot, bell-bell or wrap
around couplers. Couplers shall provide sufficient longitudinal strength to preserve pipe
alignment and prevent separation at the joints. Only fittings supplied by the
MANUFACTURER shall be used.

C. Pipe shall be cleaned and inspected prior to assembly. Perforated pipe shall be stored in a
manner to keep dirt or foreign material from entering the inside of the pipe or clogging the
perforations.

D. Pipe shall be installed in accordance with the Design Drawings.

E. CONTRACTOR shall verify the integrity of the piping system in accordance with Section 3.02
of this Specification.

3.02 FIELD QUALITY CONTROL

A. Pipe may be rejected for failure to conform to Specifications for the following reasons.
1. Fractures or cracks passing through pipe wall, except a single crack not

exceeding 5 centimeters (2 inches) in length at either end of pipe which
could be cut off and discarded. All pipes within one shipment shall be
rejected if defects exist in more than 5 percent of the shipment or delivery.

2. Cracks sufficient to impair strength, durability or serviceability of the pipe.
3. Defects indicating improper proportioning, mixing or molding.
4. Damaged ends, whereas such damage would prevent making a satisfactory

joint.

B. Acceptance of fittings, stubs or other specially fabricated pipe sections shall be based on visual
inspection at job site and documentation that they conform to these Specifications.

* * * END OF SECTION * * *
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SECTION 02230
GEOCOMPOSITES

PARTI GENERAL

1.01 DESCRIPTION

A. The Work includes installation of two single-sided geocomposites in the reservoir cap, one
to serve as part of the gas venting system and the other as a drainage layer for
surface infiltration.

1.02 QUALITY CONTROL

A. QC for geocomposite drainage nets consists of the following types of activities which are
described in Part 3, Execution:
1. MANUFACTURERS' certifications that materials satisfy the standard

ASTM properties and Specifications.
2. "As Received" material conformance tests.
3. Field inspections for defects, including related repairs.

B. The following ASTM Reference Standards shall be used for geocomposite drainage net:
1. ASTM D1505-Polymer Density.
2. ASTM D1238E, Method E - Polymer Melt Index.
3. ASTM D1603 - Carbon Black Content.
4. ASTM D1777-Nominal Thickness.
5. ASTM D3776 - Nominal Mass per Unit Area.
6. ASTM D4716 - Transmissivity at 15,000 psf.
7. ASTM D1682 - Tensile Strength/Machine Direction.

1.03 SUBMITTALS

A. No later than 15 days prior to the installation of geocomposite drainage net materials,
CONTRACTOR shall submit a Geocomposite Placement Plan providing the following
information:

1. Resume of the Superintendent to be assigned to this project, including dates and durations
for similar work.

2. A panel layout drawing showing the installation layout and any deviations from the
Drawings. Each layout shall be adequate for use as a construction plan and shall include
dimensions, details, etc.
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B. Installation shall not begin for any material until the respective Placement Plan is approved
by ENGINEER.

PART 2 MATERIALS

A. Geocomposite drainage net shall be Fabrinet or equivalent with an 8-ounce polypropylene
geotextile thermally bonded to one side, or equivalent material approved by ENGINEER.

PART 3 EXECUTION

3.01 MATERIAL QUALITY CONTROL DOCUMENTATION

A. Geocomposites:
1. Certification

a. Prior to installation of any geocomposite, MANUFACTURER or
CONTRACTOR shall provide CQA ENGINEER with the following
information:
• Property values certified by MANUFACTURER to meet guaranteed

specifications.
• Reports on tests conducted by MANUFACTURER to verify that the

quality of the raw material used to manufacturer the geocomposite
meets MANUFACTURER'S specifications.

• Written certification that drainage net is manufactured by extruding two
sets of strands to form a three-dimensional structure to provide planar
water flow, and that the drainage net shall contain stabilizers to prevent
ultraviolet light degradation.

• Written certification that the geocomposite shall be manufactured by
heat bonding the geocomposite to the HOPE drainage net on one side.
No burn-through geocomposites, glue or adhesives shall be permitted.

• A specification for the geocomposite which includes all properties
associated with the Specifications stated in Table 02230-1 are
guaranteed by MANUFACTURER, including a signed
QC certificate(s).

• MANUFACTURER shall provide verification that the bond between
the geotextile and the HOPE drainage net shall exhibit a minimum peel
strength of 0.5 pounds per inch, and an average peel strength of
1 pound per inch (per ASTM D413). Peel strength shall be tested
approximately every 600 linear feet.

30747/100% Specs (03/25/03) 02230-2
Customer-focused Solutions



b.

• MANUFACTURER shall submit samples of the geocomposite to
ENGINEER and CQA ENGINEER. MANUFACTURER shall also
furnish a complete set of written instructions for storage, handling,
installation and joining.

• QC certificates, signed by responsible party employed by
MANUFACTURER. The QC certificates shall indicate that the
materials meet the designated specification.

• MANUFACTURER shall supply the geocomposite in rolls, marked or
tagged with the following:
- MANUFACTURER'S name.

Production identification.
Lot number.
Roll number.
Roll dimensions.

CQA ENGINEER shall document that all of the geocomposite material received
is appropriately certified by MANUFACTURER, prior to its installation.

2. Conformance Testing
a. CONTRACTOR shall collect all conformance samples as directed by

CQA ENGINEER. Upon delivery of the rolls of geocomposite,
CQA ENGINEER shall ensure that conformance test samples are obtained for
the geocomposite. These samples shall then be forwarded to the geosynthetics
QAL for testing to ensure conformance to the project specifications. CQA
ENGINEER shall prepare Chain-of-Custody forms to be completed by all
parties and returned to CQA ENGINEER for QA records.

b. At a minimum the following conformance tests shall generally be performed
on geocomposites:

Polymer density.
Polymer melt.
Carbon black content.
Thickness.
Mass permit area.
Transmissivity.
Tensile strength.
Fabric weight.
Grab strength and elongation.
Trapezoidal tear strength.
Puncture resistance.
Mullen burst strength.
Water flow rate.
Permittivity.
Permeability.
Apparent opening size.

c. These conformance tests shall be performed in accordance with the test
methods specified in the Specifications (Table 02230-1). Other
conformance tests may be required by the project specifications.
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3. The rolls to be sampled shall be selected by CQA ENGINEER. Samples shall
be taken across the entire width of the roll and shall not include the first complete
revolution of fabric on the roll. Samples shall not be taken from any portion of a
roll which has been subjected to excess pressure or stretching. Unless otherwise
specified, samples shall be 3 feet long by the roll width. CQA ENGINEER shall
mark the machine direction on the samples with an arrow. All lots of material
and the particular test sample that represents each lot should be defined before
the samples are taken.

4. A lot shall be defined as a group of consecutively numbered rolls from the same
manufacturing line. Alternatively, a lot may be designated by CQA ENGINEER
based on a review of roll information including QC documentation and
manufacturing records.

5. Unless otherwise specified, samples shall be taken at a rate of one per lot, not to
exceed one conformance test per 100,000 square feet of geocomposite.

6. All conformance test results shall be reviewed and accepted or rejected by
CQA ENGINEER prior to the deployment of the geocomposite.

7. CQA ENGINEER shall examine all results from laboratory conformance testing
and shall report any nonconformance to OWNER. CQA ENGINEER shall be
responsible for checking that test results meet or exceed the property values listed
in the Specifications and review any nonconforming results with ENGINEER
prior to acceptance or rejection.

8. If a test result is in nonconformance, all material from the lot represented by the
failing test can be considered out of specification and rejected. Alternatively, at
the option of the CQA ENGINEER , additional conformance test samples may
be taken to "bracket" the portion of the lot not meeting specifications (this
procedure is valid only when all rolls onsite in the lot are consecutively produced
and numbered from one manufacturing line). To isolate the out of specification
material, additional samples must be taken from rolls that have roll numbers
immediately adjacent (next smaller and next larger) to the roll that was sampled
and failed. If both additional tests pass, only the roll that represents the initial
failed test shall be rejected. If one or both of the additional tests fail, then the
entire lot shall be rejected or the procedure repeated with two additional tests that
bracket a greater number of rolls within the lot, until passing tests are achieved on
either side numerically from the original failed roll.

9. Supplier shall be responsible for shipment and onsite storage of geocomposite
rolls. The geocomposites shall be protected from ultraviolet light exposure,
precipitation or other inundation, mud, dirt, dust, puncture, cutting, or any other
damaging or deleterious conditions. Geocomposite rolls shall be shipped and
stored in relatively opaque and watertight wrappings. Wrappings shall be
removed shortly before deployment.
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3.02 INSTALLATION

A. Geocomposite Materials

1. Handling and Installation

a. Installer shall handle all geocomposites in such a manner as to ensure they
are not damaged, and the following shall be complied with:
• Prior to installation, geocomposite materials shall be protected from

ultraviolet light exposure by using relatively opaque and watertight
wrappings and covers.

• On slopes, the geocomposites shall be securely anchored and then
rolled down the slope in such a manner as to continually keep the
geocomposite sheet in tension.

• In the presence of wind, all geocomposites shall be weighted with
sandbags or the equivalent. Such sandbags shall be installed during
deployment and shall remain until replaced with cover material.

• Geocomposites shall be cut using a geocomposite cutter (hook blade)
only. If in place, special care shall be taken to protect other materials from
damage which could be caused by the cutting of the geocomposites.

• Installer shall take any necessary precautions to prevent damage to
underlying layers during placement of the geocomposite.

• During placement of geocomposites, care shall be taken not to entrap in
or beneath the geocomposite, stones, excessive dust, or moisture that
could damage the geocomposite, cause clogging of drains or filters, or
hamper subsequent seaming.

• A visual examination of the geocomposite shall be carried out over the
entire surface, after installation, to ensure that no potentially harmful
foreign objects, such as needles, are present.

b. All adjacent geocomposite panels shall be overlapped a minimum of 4 inches.

c. CONTRACTOR shall pay particular attention to ensure that no protective
soil cover material could be inadvertently inserted beneath the geocomposite.
In general, no horizontal seams shall be allowed on side slopes, except as
part of a patch.

d. CQA ENGINEER shall preapprove geocomposite rolls for use in
construction and give an approved roll list to CONTRACTOR. CQA
ENGINEER shall observe geocomposite rolls for defects and damages
as they are deployed and ensure that deployment methods do not damage the
geocomposites.

e. Adjacent geocomposite shall be joined according to Drawings and
Specifications. At a minimum, the following requirements shall be met:
• Adjacent rolls shall be overlapped by at least 4 inches.
• Overlaps shall be secured by tying.
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• Tying can be achieved by plastic fasteners of polymer grade. Tying
devices shall be white or yellow for easy inspection. Metallic devices
are not allowed.

• Tying shall be every 5 feet along the slope, every 6 inches in the anchor
trench, and every 6 inches along end-to-end seams on the base of the
landfill.

• In general, no horizontal seams shall be allowed on sideslopes.

f. Each geocomposite shall be securely anchored by CONTRACTOR to
ensure that no slippage occurs during construction or operations. Details of
anchor trench construction are shown in the Drawings.

g. CONTRACTOR shall clean geomembrane layer surfaces prior to placing
geocomposite.

2. Defects and Repairs

a. Holes or tears in the geocomposite shall be repaired as follows:
• On slopes, a patch made from the same geocomposite shall be

thermally bonded into place a minimum of 6 inches beyond the hole in
all directions, in accordance with the project specifications. Should any
tear exceed 10 percent of the width of the roll, that roll shall be removed
from the slope and replaced.

• Care shall be taken to remove any soil or other material which may have
penetrated the torn geocomposite.

3. Geocomposite Protection

a. All soil materials located on top of a geocomposite shall be deployed in such
a manner as to ensure:
• The geocomposite and underlying geosynthetic materials are not damaged.
• Minimal slippage of the geocomposite on underlying layers occurs.
• No excess tensile stresses occur in the geocomposite.
• Soil does not contaminate the net.

b. Any noncompliance shall be noted by CQA ENGINEER and reported
to OWNER.

c. CONTRACTOR shall be responsible for the condition of the geocomposite
at all times until CQA ENGINEER accepts the material for placement of
overlying layers.

* * * END OF SECTION * * *
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SECTION 02350
CONCRETE

PARTI GENERAL

1.01 DESCRIPTION

A. Provide concrete including formwork as required to complete the Work as shown in drawings
and reinforcement for foundations.

1.02 REFERENCES

A. The construction shall be governed by the latest version of the following codes and standards.
The publications are referred to in the text by basic designation only.

B. American Concrete Institute (ACI)
1. ACI 304R - Recommended Practice for Measuring, Mixing,

Transporting and Placing Concrete
2. ACI305R - Hot Weather Concreting
3. ACI306R - Cold Weather Concreting
4. ACI 308.1R - Standard Practice for Curing Concrete
5. ACI SP-66 - ACI Detailing Manual
6. ACI 503R - Use of Epoxy Compounds With Concrete

C. American Plywood Association (APA): Grades and Specifications.

D. American Society for Testing and Materials (ASTM)
1. ASTMA82-97a - Standard Specification for Steel Wire, Plain, for

Concrete Reinforcement
2. ASTMA185-97 - Standard Specification for Welded Steel Wire

Fabric for Concrete Reinforcement
3. ASTMA615 - Standard Specification for Deformed Billet-Steel

Bars for Concrete Reinforcement
4. ASTM C31 - Standard Method of Making and Curing Concrete

Test Specimens in the Field
5. ASTMC33 - Concrete Aggregates
6. ASTMC94 - Ready-Mixed Concrete
7. ASTMC143 - Standard Test Method for Hydraulic Cement

Concrete
8. ASTMC150 - Portland Cement

30747/100% Specs (03/24/03) 02350-1
Customer-Focused Solutions



9. ASTM C172

10. ASTMC231

11. ASTMC309

12. ASTMC494
13. ASTMD994

14. ASTMD1751

15. ASTM El 155

16. ASTMC260
17. ASTMC920
18. ASTMD4259
19. ASTMC881

Standard Method of Sampling Freshly Mixed
Concrete
Standard Method of Test for Air Content of Freshly
Mixed Concrete by the Pressure Method
Standard Specification for Liquid Membrane-
Forming Compounds for Curing Concrete
Chemical Admixtures for Concrete
Performed Expansion Joint Filler for Concrete
(Bituminous Type)
Performed Expansion Joint Fillers for Concrete
Paving and Structural Construction (Nonextruding
and Resilient Bituminous Types)
Standard Test Method for Determining Floor
Flatness and Levelness Using the F-Number
System
Air Entraining Admixtures for Concrete
Elastomeric Joint Sealants
Standard Practice for Abrading Concrete
Standard Specification for Epoxy-Resin-Base
Bonding Systems for Concrete

E. Concrete Reinforcing Steel Institute (CRSI)
1. CRSI - Concrete Reinforcing Steel Institute Manual of Practice
2. CRSI 63 - Recommended Practice for Placing Reinforcing Bars
3. CRSI 65 - Recommended Practice for Placing Bar Supports,

Specifications and Nomenclature

1.03 QUALITY ASSURANCE

A. Construction Quality Assurance pertaining to construction items in this Section shall be the
responsibility of the CQA ENGINEER, unless specifically identified to be performed by
CONTRACTOR.

B. CONTRACTOR shall accommodate the CQA ENGINEER efforts to perform inspections,
observations and tests as deemed necessary at no additional cost to OWNER.

C. Deficiencies in CONTRACTOR'S work shall be identified to the CONTRACTOR by the
ENGINEER. Repairs, replacements, rework or other corrective action shall be made prior to
proceeding with ensuing Work that may be affected by the Work inspected.
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D. The CONTRACTOR shall attend quality control meetings and make submittals in accordance
with the specifications or as otherwise required by contract documents.

1.04 SUBMITTALS

A. Submit under provisions of Section 01410. This will include providing data on joint devices,
attachment accessories, and admixtures.

1.05 DELIVERY AND STORAGE

A. Deliver reinforcement bundled and tagged to identify placement and certify testing.

B. Reinforcing steel shall be transported to the site, stored and covered in a manner which
will ensure that no damage shall occur from moisture, dirt, grease, or any other cause that might
impair steel integrity or bond to concrete. A sufficient supply of approved reinforcing steel
shall be stored on the site at all times to ensure that there will be no delay of the work.
Identification of steel shall be maintained after bundles are broken.

C. Replacements: In the event of damage, immediately make all repairs and replacements
necessary at no additional cost to the project.

PART 2 MATERIALS

2.01 FORM MATERIALS

A. Materials not specifically described but required for proper completion of concrete formwork.

2.02 REINFORCEMENT

A. Reinforcing Steel: New, deformed billet steel bars, plain finish, conforming to ASTM A615,
Grade 60, unless noted otherwise on the drawings.

B. Tie Wire: Tie wire for reinforcement shall be 16 gauge or heavier, where noted or specified,
black or galvanized steel wire, conforming to ASTM A82.

30747/100% Specs (03/24/03) 02350-3
Customer-Focused Solutions



C. All other materials, not specifically described but required for a complete and proper
installation of concrete reinforcement.

2.03 CONCRETE MATERIALS

A. Cement: ASTM C150, Type II.

B. Regular Weight Concrete Aggregates: ASTM C33
1. Fine aggregate shall be washed clean, uniformly screen graded, and

contain not more than 2 percent by weight of deleterious materials such as
shale, schist, alkali, clay lumps, earth, loam, mica or similar materials. Fine
aggregate shall be graded uniformly from fine to coarse.

2. Coarse aggregate shall consist of clean, hard, crushed rock or washed
gravel, free from organic materials or soft friable materials and shall not
contain more than 2 percent by weight of shale or cherty material and not
more than 15 percent by weight of elongated fragments.

C. Water: Clean and not detrimental to concrete.

D. Admixtures: All concrete shall contain an admixture of a type that increases workability and
reduces water demand of concrete, but will not increase shrinkage. Admixture shall comply
with the requirements of ASTM C494.

E. Curing Compound: ASTM C309, liquid membrane forming, with fugitive dye for
identification. Compound shall be compatible with finish to be applied.

F. Concrete strength shall be 3,500 psi.

PART 3 EXECUTION

3.01 FORMWORK

A. CONTRACTOR shall direct the construction of formwork and shall be responsible for the
maintenance and safety of all formwork during the entire construction period.

B. Forms will be placed as required to complete Work shown in Drawings.
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C. General
1. Construct wood forms of sound material, of the correct shape and

dimensions, mortar tight, and of sufficient strength to prevent movement
by all loads imposed during placement. Construct forms so they may be
easily removed without damage to the concrete.

2. Before concrete is placed in any form, the horizontal and vertical position
of the form shall be carefully verified and all inaccuracies corrected.
Concrete out of line, level, or plumb will be cause for rejection of the whole
Work affected.

3. Tolerances: Construct formwork so that concrete surfaces will conform to
Drawings.

4. Chamfer all exposed corners 3/4 inch, unless shown otherwise in the
Drawings.

5. Any movement or bellying of forms during construction or variations in
excess of specified tolerances will be considered just cause for the removal
and replacement of the forms and the concrete affected. Reconstruction of
forms and new concrete shall be furnished at no additional cost to the
project.

D. Embedded Piping and Rough Hardware: Coordinate with other construction activities to
permit the fastening of Work to the forms, and the accurate setting of anchors, or other rough
hardware.

E. Form Removal: Formwork for slabs and other parts that support the weight of concrete shall
remain in place until the concrete has reached its specified 28-day strength.

3.02 REINFORCEMENT

A. Fabrication
1. Fabricate concrete reinforcing in accordance with CRSI Manual of

Practice.
2. Fabricate steel reinforcement in accordance with tolerances given in

ACI 315 and the details shown in the Drawings.
3. Accurately bend, cut and place bars as indicated on the drawings. Bend

bars cold. Heating of bars will not be permitted. Bars shall not be bent or
straightened in any manner that will adversely affect material strength.

4. Locate reinforcing splices not indicated in Drawings, at point of minimum
stress. Review location of splices with ENGINEER for acceptance.
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B. Placement
1. General: Reinforcing steel shall be placed in accordance with ACI 301

Chapter 5 and the Drawings. Install reinforcement accurately and secure
against movement, particularly under the weight and the placement of
concrete.

2. Embedded Items: Check architectural, structural, mechanical and electrical
drawings for anchor bolt schedules and locations, anchors, inserts,
conduits, sleeves, and any other items which are required to be cased in
concrete, and make necessary provisions as required so that reinforcing
steel will not interfere with the placement of such embedded items.

3. Reinforcing Supports: Bars and welded wire fabric larger than
eight-gauge shall be supported on metal chairs, spacers or metal hangers,
accurately placed and securely fastened to steel reinforcement in place.
Support legs of accessories in forms without embedding in form surface.
Spacing of chairs and accessories shall conform with CRSI's
"Recommended Practice for Placing Bar Supports." Wood will not be
permitted inside forms. Precast concrete cubes may be used to support
reinforcement in footings and slabs on ground.

4. Placing and Tying: Reinforcing shall be set in place, spaced, and rigidly
and securely tied or wired with 16-gauge steel tie wire at all splices and at
crossing points and intersections.

5. Spacing: Bars shall be spaced as indicated in the Drawings. Where not
shown, the minimum clear spacing for main longitudinal column
reinforcement shall not be less than 1-1/2 times the nominal bar diameter,
nor 1-1/2 inches, nor 1-1/3 times the maximum size aggregate. For all
other parallel bars, where spacing is not shown, the minimum clear spacing
shall not be less than the nominal bar diameter, nor 1 inch, nor 1-1/3 times
the maximum size aggregate. The clear distance limitations above also
apply between the bars being spliced at a contact lap splice and adjacent
bars.

6. Splices: Except for temperature bars in slabs and horizontal wall
reinforcing, no splicing will be allowed for reinforcing bars unless detailed
locations are given for these splices in the Drawings. Stagger lapped
splices for horizontal wall reinforcing and slab temperature bars by the
required lap splice length minimum. Whenever possible, splices of
adjacent bars shall be staggered.

7. Dowels: Dowels shall be tied securely in place before concrete is
deposited. In the event there are no bars in position to which dowels may
be tied, No. 3 minimum shall be added to provide proper support and
anchorage. Bending of dowels after placement of concrete will not be
permitted unless indicated in the Drawings.

C. Cleaning
1. Reinforcement, at a time of pour, shall be free of coatings that would

impair bond to concrete.
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D. Inspection
1. Concrete shall not be placed until all reinforcing steel has been installed.

Reinforcing shall be complete by the end of the working day prior to
concrete placing.

E. Defective Work
1 . The following reinforcing steel work will be considered defective and shall

be removed and replaced by CONTRACTOR at no additional cost to
OWNER.
a. Bars with kinks or bends not shown in the Drawings.
b. Bars damaged due to bending or straightening.
c. Bars heated for bending.
d. Reinforcement not placed in accordance with the Drawings and/or

Specifications.

3.03 CONCRETE

A. Examination
1 . Verify requirements for concrete cover over reinforcement.
2. Verify that anchors, seats, plates, reinforcement and other items to be cast

into concrete are accurately placed, positioned securely, and will not
interfere with concrete placement.

B. Mixing
1. Ready mixed concrete shall be used and shall be mixed and transported in

accordance with "Specifications for Ready Mixed Concrete," ASTM C94.
2. Retempering: Concrete shall be mixed only in quantities for immediate

use. Concrete which has set shall be discarded and shall not be
retempered.

3. Indiscriminate addition of water to increase slump shall be prohibited.
When concrete arrives at the project with slump below that suitable for
placing, water may be added only if neither the maximum permissible
water-cement ratio nor the maximum slump is exceeded. The water must
be incorporated by additional mixing equal to at least half of the total time
required. Any addition of water above that permitted by the limitation of
water-cement ratio must be accompanied by a quantity of cement sufficient
to maintain the proper water-cement ratio.

C. Conveying and Placing Concrete
1. Pour Schedule:

a. CONTRACTOR shall prepare and maintain a one-week pour
schedule which shall be subject to ENGINEER approval. Schedule
shall be for the purpose of scheduling inspections by CQA
ENGINEER.
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2. Preparation Before Placing:
a. Hardened concrete and foreign materials shall be removed from the

inner surfaces of the conveying equipment.
b. Formwork shall have been completed; excess water shall have been

removed; reinforcement shall have been secured in place; expansion
joint material, anchors and other embedded items shall have been
positioned; and the entire preparation shall have been approved by
ENGINEER on the day prior to the placing of concrete.

c. Semiporous subgrades shall be sprinkled sufficiently with water to
eliminate suction and extremely porous subgrades shall be sealed in
an approved manner.

d. Before placing of any concrete, forms shall be thoroughly cleaned,
washed out with water, and made tight. Before reinforcing steel is
placed on top of and/or adjacent to forms which have been sealed, the
surface sealer shall be wiped off so that none may be tracked over, or
in any other way come in contact with the reinforcing steel. Bottoms
of forms shall be cleaned and wet down before placing concrete.

e. Encrustations shall be removed from forms and reinforcing steel at
construction joints. Concrete which has been previously placed shall
be prepared by sandblasting to roughen surface and washed down.

f. Depositing Against Other Concrete: Before depositing new concrete
on or against hardened concrete, retighten forms and roughen surface
of hardened concrete as follows. Thoroughly clean off foreign
matter, and moisten with water. Apply bonding agent in accordance
with manufacturer's instructions.

g. In locations where new concrete is dowelled to existing Work, drill
holes in existing concrete, insert steel dowels and pack solid with
nonshrink grout.

3. Placement
a. Place concrete in accordance with ACI 304.
b. Notify CQA ENGINEER minimum 24 hours prior to

commencement of operations.
c. Concrete shall be handled from the mixer to the place of final deposit

as rapidly as practicable by methods which will prevent separation or
loss of ingredients.

d. Conveying equipment shall be of size and design to ensure a
continuous flow of concrete at the delivery end.

e. Concrete shall be deposited continuously, or in layers of such
thickness that no concrete will be deposited on concrete which has
hardened sufficiently to cause the formation of seams, planes, or
weakness within the section, or visible pour lines in the finish surface.

f. Ensure reinforcement, insets, embedded parts, formed joint fillers, and
joint devices are not disturbed during concrete placement.

g. Concrete shall be consolidated by vibration, spading, rodding, or
forking, so that the concrete is thoroughly worked around the
reinforcement, around the embedded items, and into corners of forms,
eliminating air or stone pockets which may cause honeycombing,
pitting, or planes of weakness.

h. Other requirements: As required in ACI 301.
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4. Slabs on Grade
a. Joints in slabs on grade shall be located and detailed as indicated in

the Drawings,
b. Other requirements: As specified in ACI 301.

5. Hot Weather Placement:
a. During hot weather, proper attention shall be given to ingredients,

production methods, handling, placing, protection and curing to
prevent excessive concrete temperatures or water evaporation which
will impair the required strength or serviceability of the member of
structure.

b. Concrete deposited during hot weather shall have a temperature of not
more than 75 to 80 degrees Fahrenheit,

c. Work shall conform to Hot Weather concreting, ACI 305R.
6. Cold Weather Placement:

a. Adequate equipment shall be provided for heating the concrete
materials and protecting the concrete during freezing or near-freezing
weather.

b. Concrete materials and all reinforcement, forms, fillers and ground
with which the concrete is to come in contact shall be free of frost.

c. No frozen materials or materials containing ice shall be used. The
temperature of the concrete shall be not less than 60 degrees
Fahrenheit at time of placing in the form, and shall be maintained
between 50 to 70 degrees Fahrenheit for required curing period.

d. Work shall conform to Cold Weather Concreting, ACI 306R.

D. Repair of Surface Defects
1. Removal: After forms have been removed, any concrete which is not

formed as shown on the plans, or which is out of alignment or level
beyond required tolerances shall be removed and replaced at no additional
cost to the project. Defective surfaces may be repaired and patched in
accordance with the following procedure.

2. Repair Procedure
a. Form tie holes shall be filled and repairable defective areas patched

immediately after the forms have been removed. Remove fins and
burrs.

b. Honeycombed and other defective concrete shall be removed to sound
concrete, but in no case to a depth of less than one inch. The area to
be patched and an area of at least six inches wide surrounding it shall
be dampened to prevent adsorption of water from the patching mortar.
A bond of neat Portland cement and water shall be mixed to the
consistency of thick cream and shall then be well brushed into the
surface. Other concrete bonding agents may be used when approved.

c. The patching mixture shall be made of the same material and of
approximately the same proportions as used for the concrete, except
that the coarse aggregate shall be omitted and the mortar shall consist
of not more than 1 part cement to 2-1/2 parts sand by damp loose
volume. White Portland cement shall be substituted for a part of the
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gray Portland cement on exposed concrete in order to produce a color
matching the color of the surrounding concrete, as determined by a
trial patch.

d. The quantity of mixing water shall be no more than necessary for
handling and placing. The patching mortar shall be mixed in advance
and allowed to stand with frequent manipulation with a trowel, without
addition of water, until it has reached the stiffest consistency that will
permit placing.

e. After surface water has evaporated from the areas to be patched, the
bond coat shall be well brushed into the surface. When the bond coat
begins to lose the water sheen, the premixed patching mortar shall be
applied. The mortar shall be thoroughly consolidated into place and
struck off so as to leave the patch slightly higher than the surrounding
surface. To permit initial shrinkage, it shall be left undisturbed for at
least one hour before final finishing. The patched area shall be kept
damp for seven days.

f. Other requirements: As specified in ACI 301.

E. Concrete Finishes
1. Finishes for Formed Surfaces:

a. As-Cast Surfaces: After surface defects have been repaired, as
specified, concrete shall be left with finish imparted by forms. Use
for all concrete below grade.

b. Surface Preparation for Exposed Concrete: Fins, rough spots, stains
and hardened mortar shall be removed by carefully rubbing with a
fine abrasive stone to a smooth event surface. Excess form sealer
shall be removed by carefully scrubbing surface with 5 to 10 percent
solution of muriatic acid. Fill all holes and rub smooth.

2. Finishes for Slabs on Grade:
a. Light broom finish shall be used at support slabs. Immediately after

trowelling, the surface shall be broomed uniformly, using a broom
with moderately fine, soft bristles.

3. Flatness and Levelness of Slabs:
a. Concrete slabs shall be finished per the slope and level as shown in

the Drawings.

F. Protection, Curing and Handling
1. Cure concrete surfaces in accordance with ACI 308.
2. General: Freshly deposited concrete shall be protected from premature

drying and excessively hot or cold temperatures, and shall be maintained
without drying at a relatively constant temperature for the period of time
necessary for the hydration of the cement and proper hardening of the
concrete.
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3. Initial Curing: Initial curing shall immediately follow the finishing
operation. Concrete shall be kept continuously moist at least overnight.
One of the following materials or methods shall be used.
a. Ponding or continuous sprinkling.
b. Absorptive mat or fabric kept continuously wet.
c. Sand or other covering kept continuously wet.
d. Curing compound applied in accordance with the recommendations

of the manufacturer. Do not use on any surfaces against which
additional concrete or other cementitious finishing materials are to be
bonded, or surfaces to receive hardener and clear sealer.

4. Final Curing: Immediately following the initial curing and before the
concrete has dried, additional curing shall be accomplished by one of the
following materials or methods.
a. Continuing the method used in initial curing.
b. Waterproof paper covering.
c. Other moisture-retaining coverings as approved.

5. Duration of Curing: The final curing shall continue for a total of seven
days. If high early strength of concrete has been used, the final curing
shall continue for a total of three days. Rapid drying at the end of the
curing period shall be prevented.

6. Formed Surfaces: Steel forms heated by the sun and all wood forms in
contact with the concrete during the final curing period shall be kept wet.
If forms are to be removed during the curing period, one of the above
curing materials or methods shall be employed immediately. Such curing
shall be continued for the remainder of the curing period.

7. Protection from Mechanical Injury: During the curing period, protect
from damaging mechanical disturbances, particularly load stresses, heavy
shock, and excessive vibration. Protect finished concrete surfaces from
damage caused by construction equipment, materials, or methods, and by
rain or running water. Self-supporting structures shall not be loaded in
such a way as to overstress the concrete. In no case shall be concrete be
loaded before seven days after pouring.

G. Repair of Cracks and Joints in Existing Concrete Paving
1. Work to be performed by a CONTRACTOR specializing in concrete

crack repair.
2. Prepare cracks by blowing clean with oil-free compressed air or by

flushing with an appropriate cleansing solution as required to remove
foreign substances and contaminants. Prepare exposed surfaces for
bonding in accordance with ASTM D4259 or ACI 503R and ChemCo
Systems' specific recommendations. CONTRACTOR shall be
responsible for making crack surface bondable.

3. Cracks and joints shall be filled according to the manufacturer's
instructions for the specific product. Cracks are to be sealed prior to
injection with CCS Grout Seal, manufactured by ChemCo Systems, or
equivalent. Cracks wider than 1/4-inch shall be injected with an epoxy
paste adhesive meeting the requirements of ASTM C 881 Type I Grade 3
(CCS Bonder Paste, Long Working Life or equivalent). Cracks less than
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1/4-inch wide shall be injected with a two-component epoxy paste adhesive
meeting the requirements of ASTM C 881 Type IV Grade 1 (CCS Grout,
Slump Pumping or equivalent). Control joints shall be filled with an
epoxy meeting the requirements of ASTM C 881 Type III Grade 2 (CCS
Grout, Control Joint or equivalent).

4. All crack and joint fillers shall be ground off to provide a finished surface
that is level and flush with adjoining concrete, with no excess material or
uneven surfaces remaining.

5. Cracks extending under existing equipment or other items that would be
too costly to move or would disrupt work for an extended period of time
may be repaired by sealing around the perimeter of the equipment.
CONTRACTOR shall provide a procedure for sealing around equipment
and obtain approval from the ENGINEER prior to doing the work.

H. Concrete Floor Slab Over Buried Waste Utility Penetrations Treatment
1. All penetrations through the floor slab shall be cleaned and CMA

(chloroprene modified asphalt) membrane applied as shown. The CMA
membrane shall be equivalent to LIQUID BOOT®, as manufactured by
LBI Technologies, Inc.

2. The concrete shall be free of dirt, debris, loose material or curing
compounds prior to membrane application.

3. Provide a 3/4-inch thick minimum cant of CMA membrane at all
horizontal to vertical transitions. Extend the membrane at an 80 mil
thickness 3 inches around the base of the penetration and up the
penetration a minimum of 3 inches. Allow to cure overnight. Spray apply
CMA membrane to an 80 mils minimum dry thickness around the
penetration and to a height 1 1/2-inches minimum above the CMA
membrane cant.

4. Wrap penetration with polypropylene cable at a point 2 inches above the
base of the penetration. Tighten the cable tie firmly so as to squeeze the
cured membrane collar.

3.04 QUALITY CONTROL

A. Perform concrete reinforcement Work in accordance with CRSI 63, 65 and Manual of
Practice.

B. Acquire cement and aggregate from same source for all Work.

C. Conform to ACI 305R when concreting during hot weather.

D. Conform to ACI 306R when concreting during cold weather.
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E. Design, construct and maintain forms and shoring true to line, grade and configurations shown
in the Drawings, and so as to provide finish concrete within the specified tolerances.

F. CONTRACTOR shall use adequate numbers of skilled workers who are thoroughly trained
and experienced in the necessary crafts and who are completely familiar with the specified
requirements and the methods needed for proper performance of the Work in this Section.

G. CONTRACTOR shall use equipment adequate in size, capacity and numbers to accomplish the
Work in this Section in a timely manner.

H. In addition to complying with requirements of REGULATORY AUTHORITIES having
jurisdiction, CONTRACTOR shall comply with the directions of ENGINEER.

* * * END OF SECTION * * *
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SECTION 02355
SEALING OF EXISTING CONCRETE PAVING AND FLOOR SLABS

PARTI GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall prepare a plan and Specifications for Sealing of Existing Concrete
Paving and Floorslabs.

1.02 SUBMITTALS

A. CONTRACTOR shall submit a plan for Sealing of Existing Concrete Paving and Floorslabs
to be approved by the ENGINEER which provides for accepted methods of repair.

PART 2 MATERIALS

2.01 GENERAL

A. CONTRACTOR shall provide a description of methods, products cut-sheets and other
pertinent information relating to materials.

PART 3 EXECUTION

3.01 GENERAL

A. The CONTRACTOR shall complete work under this Specification as described and approved
in the Sealing of Existing Concrete Paving and Floorslabs Plan.

* * * END OF SECTION * * *
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SECTION 02360
COLD PLANING EXISTING PAVEMENT

PARTI GENERAL

1.01 DESCRIPTION

A. COLD PLANING EXISTING PAVEMENT shall consist of furnishing transportation, labor,
materials, equipment, and incidentals necessary to cold plane (or cold mill) existing asphalt
concrete pavement.

1.02 RELATED WORK

A. DEMOLITION Section 02020
B. ASPHALT CONCRETE PAVING Section 02370

PART 2 PRODUCTS

Not applicable.

PART 3 EXECUTION

3.01 GENERAL

A. Remove existing asphalt pavement to provide asphalt overlay shown on the Drawings and as
directed by the ENGINEER. The resulting cuttings shall be disposed in an area designated in
the field by the ENGINEER.

B. Cold planing shall not tear, grout or otherwise damage remaining underlying pavement.

C. The planed surface shall be uniform in texture and smoothness and be such that a 10 foot
straight edge laid in any direction at any location reveals less than a 0.04 foot variation.
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D. Where the pavement is to be resurfaced unless otherwise directed by the ENGINEER, a
1-1/2 inch minimum shoulder shall be cut along join lines to eliminate the necessity of
feathering edging and providing a butt join.

E. Prior to starting cold planing, CONTRACTOR shall walk area to be cold planed with a metal
detector to locate unmarked utilities, fence posts, and other interferences.

3.02 EQUIPMENT

A. Planing equipment shall be self-propelled and capable of cutting flush to curbs, gutters, catch
basins, manholes, utility vaults, and other structures within the paved area. Equipment for mini
cold planing may also be required.

B. Planing equipment shall include a dust suppression system that meets air quality regulations.

C. Planing machine shall be capable of cutting to daylight while maintaining desired profile.

D. The cutting drum shall be adjustable to grade and slope by either manual or automatic controls.

* * * END OF SECTION * * *
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SECTION 02370
ASPHALT CONCRETE PAVING

PARTI GENERAL

1.01 DESCRIPTION

A. ASPHALT CONCRETE PAVING consists of furnishing transportation, labor, materials,
equipment and incidentals necessary to construct asphalt concrete paving.

1.02 RELATED WORK

A. COLD PLANING Section 02360

1.03 REFERENCE STANDARDS

A. Standard Specifications for Public Works Construction.

B. American Society for Testing Materials (ASTM):
1. ASTM Dl 188 - Standard Test Method for Bulk Specific Gravity and

Density of Compacted Bituminous Mixtures Using
Paraffin-Coated Specimens.

2. ASTM D2726 - Standard Test Method for Bulk Specific Gravity and
Density of Non-Absorptive Compacted Bituminous
Mixtures.

3. ASTM D2950 - Standard Test Method for Density of Bituminous
Concrete in Place by Nuclear Method.

4. ASTM D3381 - Standard Specification for Viscosity-Graded Asphalt
Cement for Use in Pavement Construction.

1.04 QUALITY ASSURANCE

A. Testing and inspection of asphalt pavement mix and testing of placed asphalt pavement will be
performed by the CQA ENGINEER.

B. CONTRACTOR shall allow CQA ENGINEER access to the mixing plant for verification of
weights or proportions, character of materials used and determination of temperatures used in
the preparation of asphalt concrete mix.
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C. The CONTRACTOR shall have major equipment items available for inspection by the
ENGINEER. Deficiencies in quality, quantity, or types of equipment shall be corrected prior
to commencing work. This inspection and approval shall in no way relieve the
CONTRACTOR from the obligation to provide the equipment required to perform the work.

D. When areas to be repaved have been cold planed in accordance with the Specification, notify
the ENGINEER for approval. Do not place asphalt pavement until cold planed areas have been
approved.

E. If compaction tests indicate that the asphalt concrete paving does not meet specified
requirements, retest costs will be the responsibility of the CONTRACTOR.

F. Paving shall only be performed during daylight hours.

1.05 SUBMITTALS

A. A copy of the asphalt test report required by Section 203-1 of the Standard Specifications for
Public Works Construction shall be submitted to the ENGINEER for forwarding to the
CQA ENGINEER.

B. A list of equipment to be used for placing asphalt concrete shall be submitted to the
ENGINEER prior to utilization on the job.

C. A copy of the job mix formula and test data shall be submitted to the ENGINEER for
approval.

1.06 EQUIPMENT

A. CONTRACTOR shall provide and maintain in operating condition equipment, tools, and
machines used in the performance of the work.
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PART 2 PRODUCTS

2.01 ASPHALT CONCRETE

A. The asphalt concrete material used shall comply with the requirements of a Type C2 AR4000
material per Section 203-6 of the Standard Specifications for Public Works Construction,
2003 ed., for all pavements placed at less than 2 inches thick. The Design Air Void content
shall be 2.0 to a maximum 4.0.

B. The asphalt concrete material used shall comply with the requirements of a Type B AR4000
material per Section 203-6 of the Standard Specifications for Public Works Construction,
203 ed., for all pavements placed greater than 2 inches thick. The design air void content shall
be 2.0 to a maximum 4.0 Air Void content.

C. The asphalt concrete must be demonstrated by the Contractor to achieve a hydraulic
conductivity of IxlO'7 cm/sec or less. Testing methods and results must be submitted to CQA
Engineer prior to placing asphalt.

D. The Contractor may propose any asphalt concrete mix design which is demonstrated to provide
equivalent or better performance with regard to durability, strength and hydraulic conductivity
compared to the above requirements. Testing data and results must be submitted to the CQA
Engineer by the Contractor for approval of alternate mix designs.

2.02 AGGREGATE BASE

A. All aggregate base materials used on site shall meet the minimum standards of a Crushed
Miscellaneous Base (CMB) product and shall have a minimum R-value of 80. Certification of
the stockpile R-value testing must be recent (i.e., maximum of three months at the time of
construction). The CMB shall be approved by the Engineer prior to use on site. The CMB
must also meet the requirements stated in the SSPWC, Section 200, 2003 ed.

PART 3 EXECUTION

3.01 SURFACE PREPARATION

A. The surface on which the asphalt paving is to be placed shall be prepared in conformation with
Section 02360.
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B. The surface on which the asphalt paving is to be placed shall be cleaned and swept, free of dirt,
water, oil, and vegetation.

3.02 CONSTRUCTION

A. No pavement shall be laid until the surface on which the asphalt pavement is to be placed has
been approved by the ENGINEER. Paving shall be continued as expeditiously as possible
once commenced.

B. The required thickness of the paving shall be as directed by the ENGINEER.

C. Pavement shall not be laid on concrete or timber substrate, or on previously surfaced areas,
unless such surfaces are clean and dry to the satisfaction of the ENGINEER.

D. Wherever asphalt concrete pavement does not terminate against a curb, gutter, or another
pavement, the CONTRACTOR shall provide and install a header board at the line of
termination.

E. The ENGINEER reserves the right to specify varying combinations of pavement sections.

3.03 ASPHALT CONCRETE PAVING

A. Asphalt concrete shall be placed in lifts of a maximum of four (4) inches each. A tack coat
shall be applied between successive lifts of asphalt concrete, as well as between any course and
the new asphalt concrete if a satisfactory bond could not otherwise be attained. All mix
designs shall be submitted for approval by the Engineer at least two (2) weeks prior to
construction. All pavement thickness identifications are considered measurements. The
minimum compaction required for all aggregate base materials shall be 94 percent of the Rice
Specific Gravity per ASTM D2726. All asphalt concrete material shall be placed and
compacted in accordance with Section 302 of the SSPWC, 2003 ed.

B. Asphalt concrete overlays utilizing an engineering fabric shall be constructed in the following
manner. Leveling courses required shall be placed prior to the placement of the engineering
fabric. The asphalt concrete leveling course shall be placed after all header cuts have been
constructed. Cold milling of the perimeter edges at a depth of 1-5/8 inches is required. In the
event that the cold milling grinds completely through the 1-5/8-inch depth the contractor shall
remove the exposed base and/or subgrade material to a depth of two (2) additional inches and
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place new asphalt concrete material in the excavated area. All asphalt concrete shall be placed
to a point no closer than six inches and no greater than one foot from all gutters and
construction limits. The asphalt concrete overlay shall be constructed on the same day the
engineering fabric is placed, in no case shall more fabric be placed than can be covered in one
day. All work shall be performed in accordance with Section 302-5 of the Standard
Specifications for Public Works Construction, 2003 ed and as indicated herein. A tack coat of
SS-lh shall be placed between all lifts.

3.04 JOINING PAVEMENT

A. Carefully lay joints between existing and new pavements or between successive days' work in
such a manner as to ensure a continuous bond between existing and new sections. Expose,
clean, and cut edges to straight, vertical surfaces. Paint joints with a uniform coat of tack coat
before the fresh mixture is placed.

3.05 QUALITY ASSURANCE/QUALITY CONTROL

A. Construction of the asphalt concrete will be observed and tested by CQA ENGINEER to
verify subgrade conditions, moisture content and compaction, and drainage and finished grades
are in compliance with these Specifications and Drawings.

B. CQA ENGINEER will perform moisture content and in place density tests on the prepared
subgrade at the rate of one test for every 1,500 square feet of compacted 6-inch lift or more
frequently, if necessary, based on observations of subgrade conditions and weather conditions.
CQA ENGINEER will require samples and determine the maximum dry density and optimum
moisture content (per ASTM D1557) of subgrade material for use in monitoring as-built
moisture and relative compaction.

C. At least ten days prior to construction of the asphalt concrete and subbase, CONTRACTOR
shall provide CQA ENGINEER and ENGINEER with samples from the proposed source of
Caltrans Class 2 aggregate base material for grain size analysis and maximum dry density
determination.

D. ENGINEER will perform moisture content and in place density tests on the Caltrans Class 2
aggregate base at the rate of one test for every 1,500 square feet per lift of material placed or
more frequently, if necessary, based on observations of material and placement
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conditions/procedures and weather conditions. CQA ENGINEER will require samples and
determine the maximum dry density and optimum moisture content (per ASTM D1557) of the
material for use in monitoring as-built moisture and relative compaction.

E. CONTRACTOR shall supply certificates of the materials and mix design from the asphalt
concrete plant to CQA ENGINEER and ENGINEER prior to pavement construction. This
will include laboratory determination of the theoretical maximum density (at 8 percent air
voids).

F. During placement, CQA ENGINEER will check the temperature and gradation of the asphalt
concrete for compliance with Section 39 requirements of Standard Specifications, California
Department of Transportation.

G. SURVEYOR shall provide grade control survey data to ENGINEER for checking and
verification prior to placement of the overlying layer and finishing of the final surface.

3.06 DEFECTIVE MATERIALS

A. Materials not complying with the specified requirements are not acceptable. Remove and
replace defective materials as directed by the ENGINEER.

3.07 FLOOD TEST

A. Flood asphalt pavement with water to check for positive drainage. Provide materials and
equipment for flood testing. Test shall be performed in the ENGINEER'S presence.

* * * END OF SECTION * * *
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SECTION 02400
CHAIN-LINK FENCING

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes the installation of a 6-foot chain link fence around the reservoir cap gas
vent collection system.

B. The 6-foot high chain l ink fence specifications are also included for existing fences that are
damaged or require reinstallation by CONTRACTOR.

PART 2 MATERIALS

A. The 6-foot high fence shall be from the material obtained from the demolishment activities or
the following:
1. Intermediate posts shall be 2-3/8-inch diameter Type I round.
2. Terminal and corner posts shall be 2-7/8-inch diameter Type I round.
3. Top and brace rails shall be 1-5/8-inch diameter plain end.
4. Fabric shall be 2-inch diamond mesh interwoven wire 9 gauge thick, top

salvage twisted tight, bottom salvage knuckle end closed.
5. Hardware shall be galvanized to ASTM A153, 1.8 ounces per square foot.
6. Fabric wire steel shall be zinc coated wire fabric.
7. Framing shall be Schedule 40 steel.

PART 3 EXECUTION

A. A 6-foot high fence shall be installed with the following procedures:
1 . Install framework, fabric, accessories (and gates) in accordance with

ASTM F567 manufacturer's instructions.
2. Set intermediate terminal and posts plumb, in concrete footings with top of

footing 6 inches below finish grade.
3. Line post footing depth below finish grade: ASTM F567, 2.5 feet.
4. Corner, terminal post footing depth below finish grade: ASTM F567,

2.5 feet.
5. Brace each gate and corner post to adjacent line post with horizontal center

brace rail. Install brace rail, one bay from end and gate posts.
6. Provide top rail through line post tops and splice with 6-inch long rail

sleeves.
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7. Install bottom brace rail on corner gate leaves.
8. Stretch fabric between terminal posts or at intervals of 100 feet maximum,

whichever is less.
9. Position bottom of fabric 2 inches above finished grade.
10. Fasten fabric to top rail, line posts, braces and bottom tension wire with tie

wire at maximum 15 inches on centers.
11. Attach fabric to end, corner and gate posts with tension bars and tension

bar clips.
12. Install bottom tension wire stretched taut between terminal posts.

* * * END OF SECTION * * *

30747/100% Specs (03/19/03) 02400-2
Customer-Focused Solutions



SECTION 02410
STRAY BALL FENCE

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes the installation of a 20-foot-high stray ball nylon mesh fence by
CONTRACTOR as shown in the drawings.

1.02 SUBMITTALS

A. CONTRACTOR shall submit a plan for construction of the 20-foot-high, approximately
525-feet long nylon fence including proposed cable and anchoring systems as per
requirements in Section 01400 of the specifications.

PART 2 MATERIALS

A. The 20-foot high fence shall be installed from the following materials:
1. Intermediate, corner and terminal posts shall be 3-inch diameter Type I

round.
2. Top and bottom cable systems shall be incorporated for netting

connection.
3. Netting shall be 100 percent nylon twine with latex treatment and

1-3/4-inch mesh.
4. Hardware shall be galvanized to ASTM A153, 1.8 ounces per square foot.

PART 3 EXECUTION

A. CONTRACTOR shall provide the design and describe in detail the installation of the 20-foot
high fence in a submittal for approval by the Engineer.

END OF SECTION * * *
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SECTION 02500
PRECAST CONCRETE CATCH BASIN

PARTI GENERAL

1.01 DESCRIPTION

A. As shown in the Drawings, CONTRACTOR shall construct catch basin inlet for the surface
drainage system. The basin shall be precast concrete and provided with a landscape grate.

1.02 QUALITY CONTROL

A. CQA ENGINEER shall observe installation of the catch basin to verify conformance with the
contract documents.

1.03 SUBMITTALS

A. A CONTRACTOR shall submit MAN UFACTURER's certifications for the precast concrete
catch basin as outlined in Section 01410.

PART 2 MATERIALS

A. Catch basin shall be precast concrete Brooks products, or equivalent with landscape grate. Size
of catch basin is indicated in the Drawings.

PART 3 EXECUTION

A. The placement of the precast concrete catch basin and landscape grate shall be performed in
accordance with procedures in Standard Specifications for Public Work Construction and
the Drawings.

* * * END OF SECTION * * *
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SECTION 02510
CATCH BASIN TIE-IN

PARTI GENERAL

1.01 DESCRIPTION

A. The CONTRACTOR shall connect the onsite storm drain system into an existing Los Angeles
County Department of Public Works (LACDPW) catch basin along Greenleaf Avenue.

PART 2 EXECUTION

A. The CONTRACTOR shall excavate a trench behind the existing LACDPW catch basin to
construct the connection with the onsite 16-inch-diameter PVC storm drain pipe.

B. The CONTRACTOR shall construct the connection as shown in the Drawings and pursuant to
LACDPW standards.

* * * END OF SECTION * * *

30747/100% Specs (03719/03) 02510-1
Customer-Focused Solutions



SECTION 02520
LEACHATE MONITORING/CONTROL SYSTEM WELL INSTALLATION

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes:
1. The procedures used to construct the leachate monitoring/control system

wells within the reservoir.

1.02 QUALITY CONTROL

A. CQA ENGINEER shall observe casing placement and connection procedures to confirm that
the CONTACTOR has completed the work in accordance with the Drawings and
Specifications, and has not damaged the casing or left a loose/leaking connection. Details of
field quality control are given in Section 3.02.

1.03 SUBMITTALS

A. CONTRACTOR shall submit manufacturer literature on casing and screen, including supplier
design tensile and compression strength estimates, inside and outside diameter of casing and
slot size of screen.

B. Submittals by CONTRACTOR shall be in accordance with Section 01410.

C. If manufacturer's test data is inadequate or unavailable, the PROJECT MANAGER reserves
the right to reject shipments. Costs of shipment shall be borne by the CONTRACTOR.

PART 2 MATERIALS

2.01 LEACHATE MONITORING/CONTROL SYSTEM CASING

A. Pipe sizes, types and locations are designated in the Drawings.

30747/100% Specs (03/19/03) 02520-1
Customer-Focused Solutions



B. Slotted Pipe: the 4-inch-diameter pipe shall be Schedule 80 flush-threaded PVC with factory
slotted 0.02-inch slots.

C. Nonslotted pipe: the 4-inch-diameter pipe shall be Schedule 80 flush-threaded PVC.

2.02 OTHER MATERIALS

A. No. 2/12 Monterey Sand filter pack (or equivalent).

B. Volclay grout (or equivalent).

C. Bentonite pellets (1/4-inch).

D. Concrete.

E. Twelve-inch diameter, 3 feet long, 1/4-inch gauge steel standpipes and locking well caps.

PART 3 EXECUTION

3.01 INSTALLATION

A. The monitoring wells shall be drilled using a hollow-stem auger drill rig. The borings shall be
drilled to the bottom of the reservoir using a 10-inch-diameter hollow-stem auger.

B. The wells shall be constructed using 4-inch-diameter, Schedule 80 PVC flush-threaded casings
with stainless steel centralizers placed towards the bottom of the well casing. The well screen
shall consist of 0.020-inch factory slotted, 4-inch-diameter stainless steel casing. Two feet of
screen shall be flush-threaded on the end closest to the ground surface and capped on the
bottom. While the screen is slightly above ground, flush-threaded 4-inch-diameter Schedule
80 PVC blank casing shall be securely attached to the screen.

C. The annulus of the well shall be filled via tremie pipe with No. 2/12 filter pack sand to 2 feet
above the screened zone. A 3-foot-thick seal of hydrated 1/4-inch bentonite pellets shall be
placed over the sand filter, and a bentonite grout shall be used to fill the remainder of the
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annulus to the surface. The wellheads shall be constructed with steel standpipe completion and
a locking cap, and set in concrete as shown in the Drawings.

D. Soil cuttings generated during drilling, as well as equipment decontamination activities, shall be
placed in 55-gallon DOT-approved drums. The drums shall be covered with lids and properly
labeled. The drums shall be placed on pallets, covered and stored onsite in a secure area. The
contents of the drums shall be incorporated into the reservoir area subgrade during final
remedy construction.

E. Water generated during equipment decontamination shall be discharged to the onsite Baker
Tank currently storing ground water monitoring purge water.

F. CONTRACTOR shall verify integrity of pipes in accordance with Section 3.02 of these
specifications.

3.02 FIELD QUALITY CONTROL

A. Pipe may be rejected for failure to conform to Specifications for the following reasons:
1. Fractures or cracks passing through the pipe wall. All pipes within one

shipment shall be rejected if defects exists in more than 5 percent of the
shipment or delivery.

2. Damaged ends, whereas such damage would prevent making a satisfactory
joint.

* * * END OF SECTION * * *
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SECTION 02530
SENTINEL BIOVENT WELL INSTALLATION

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes the procedures used to construct the biovent wells.

1.02 QUALITY CONTROL

A. CQA ENGINEER shall observe casing placement and connection procedures to confirm that
the CONTACTOR has completed the work in accordance with the Drawings and
Specifications, and has not damaged the casing or left a loose/leaking connection. Details of
field quality control are given in Section 3.02.

1.03 SUBMITTALS

A. CONTRACTOR shall submit manufacturer literature on casing and screen, including supplier
design tensile and compression strength estimates, inside and outside diameter of casing, and
slot size of screen.

B. Submittals by CONTRACTOR shall be in accordance with Section 01410.

C. If manufacturer's test data is inadequate or unavailable, the ENGINEER reserves the right to
reject shipments. Costs of shipment shall be borne by the CONTRACTOR.

PART 2 MATERIALS

2.01 BIOVENT WELL CASING

A. Pipe sizes, types and locations are designated in the Drawings.
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B. Slotted Pipe: the 4-inch-diameter pipe shall be Schedule 40 flush-threaded PVC with factory
slotted 0.02-inch slots.

C. Nonslotted pipe: the 4-inch-diameter pipe shall be Schedule 40 flush-threaded PVC.

2.02 OTHER MATERIALS

A. No. 2/12 Monterey Sand filter pack (or equivalent).

B. Volclay grout (or equivalent).

C. Bentonite pellets (1/4-inch), premium grade Wyoming Sodium Montmorillonite, or equal.

D. Concrete (Cement: ASTM C150, Type II).

E. 10-Inch-diameter steel standpipes and locking well caps.

F. One-way biovent valve, air injection type, BaroBall valve by Durham Geo Enterprises
(or equivalent).

PART 3 EXECUTION

3.01 INSTALLATION

A. The biovent wells shall be drilled using a hollow-stem auger drill rig. The borings shall be
drilled to the depth as shown in the drawings using a 10-inch-diameter hollow-stem auger.

B. The wells shall be constructed using 4-inch-diameter, Schedule 40 PVC flush-threaded casings
with stainless steel centralizers placed at the top and bottom of the waste zone. The well screen
shall consist of 0.020-inch slotted, Schedule 40, flush-threaded PVC casing. Two feet of
screen shall be flush-threaded on the end closest to the ground surface and capped on the
bottom. While the screen is slightly above ground, flush-threaded 4-inch-diameter Schedule
40 PVC blank casing shall be securely attached to the screen. The blank casing shall extend to
a minimum of 12 inches above the surface. A one-way biovent valve shall be installed at the
top of the blank casing.
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C. The annulus of the well shall be filled via tremie pipe with No. 2/12 filter pack sand to 2 feet
above the screened zone. A 3-foot-thick seal of hydrated 1/4-inch bentonite pellets shall be
placed over the sand filter, and a bentonite grout shall be used to fill the remainder of the
annulus to the surface. The wellheads shall be constructed with steel standpipe completion and
a locking cap, and set in concrete as shown in the Drawings. The steel pipe shall be vented by
drilling 1/2-inch diameter holes, 6 holes per foot and 4 holes spaced at 90 degrees around the
standpipe. Wells located in parking or traffic areas or subject to damage in any way shall have
bollands installed as necessary to protect the well.

D. Soil cuttings generated during drilling, as well as equipment decontamination activities, shall be
placed in 55-gallon DOT-approved drums. The drums shall be covered with lids and properly
labeled. The drums shall be placed on pallets, covered and stored onsite in a secure area. The
contents of the drums shall be incorporated into the reservoir area subgrade during final
remedy construction.

E. Water generated during equipment decontamination shall be discharged to the onsite Baker
Tank currently storing ground water monitoring purge water.

F. CONTRACTOR shall verify integrity of pipes in accordance with Section 3.02 of
these specifications.

3.02 FIELD QUALITY CONTROL

A. Pipe may be rejected for failure to conform to Specifications for the following reasons:
1. Fractures or cracks passing through the pipe wall. All pipes within one

shipment shall be rejected if defects exists in more than 5 percent of the
shipment or delivery.

2. Damaged ends, whereas such damage would prevent making a satisfactory
joint.

* * END OF SECTION * * *
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SECTION 02540
EXISTING BUILDING FOUNDATION VENT SYSTEM PIPE

AND EQUIPMENT INSTALLATION

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes:
1 . The procedures used to install the passive vent system at existing buildings

if indoor air monitoring shows constituents of concern above the Interim
Threshold Screening Levels (ITSLs).

2. The procedures used to install the Carbon Adsorption System if Volatile
Organic Compound (VOC) emissions exceed 1 pound per day per
foundation vent system.

1.02 AGENCY APPROVALS

A. The proposed system must be approved by the City of Santa Fe Springs Fire Chief and shall
comply with Ordinance No. 829, an ordinance of the City of Santa Fe Springs amending the
City Code with respect to oil and gas regulations.

1.03 QUALITY CONTROL

A. The following Reference Standards shall be used:
1 . American Society for Testing and Materials (ASTM):

a. ASTM D638-99 - Test Method for Tensile Properties of Plastics
b. ASTM D790-99 - Test Method for Flexural Properties of

Unreinforced and Reinforced Plastics and Electrical Insulating
Materials.

c. ASTM D1238-99 - Test Method for Flow Rates of Thermoplastics
by Extrusion Plastometer.

d. ASTM D 1505-98 - Test Method for Density of Plastics by the
Density-Gradient Technique.

e. ASTM D 1 693 -00 - Test Method for Environmental Stress Cracking
of Ethylene Plastics.

f. ASTM D-1784 - Rigid Poly (Vinyl Chloride) (PVC) Compounds
and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds.

g. ASTM D-1785 - Standard Specification for Poly (Vinyl Chloride)
(PVC) Plastic Pipe, Schedules 40, 80 and 120.

h. ASTM D-2466 - Socket Type Poly (Vinyl Chloride) (PVC) Plastic
Pipe Fittings, Schedule 40.

i. ASTM D-2564 - Standard Specification for Solvent Cements for
Poly (Vinyl Chloride) (PVC) Plastic Piping Systems.
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j. ASTM D-2665 - Standard Specification for Poly (Vinyl Chloride)
(PVC) Plastic Drain, Waste, and Vent Pipe and Fittings,

k. ASTM D-2729 - Standard Specification for Poly (Vinyl Chloride)
(PVC) Sewer Pipe and Fittings.

1. ASTM D-2855 - Standard Practice for Making Solvent-Cemented
Joints with Poly (Vinyl Chloride) (PVC) Pipe and Fittings,

m. ASTM A53 - Standard Specification for Pipe, Steel, Black and
Hot-Dipped, Zinc Coated, Welded and Seamless,

n. ANSI B16.5 - Steel Pipe Flanges, Flanged Valves, and Fittings,
o. ANSI B31.1 - Safety Code for Pressure Piping,
p. ASTM D-226-97 - Standard Specification for Asphalt-Saturated

Organic Felt Used in Roofing and Waterproofing.

B. Concrete and reinforcement shall be in accordance with Section 02350. Where trenching
inside existing buildings requires replacement of the concrete floor, CONTRACTOR shall
match the existing floor slab thickness and return the floor to its original condition.

C. Trenching, backfilling and compacting shall be in accordance with Section 02180.

D. CQA ENGINEER shall verify the proper manufacturer's certifications and identifiers and that
conformance test results meet specifications for all piping prior too acceptance for placement.
CQA ENGINEER shall observe pipe placement and connection procedures to confirm that the
CONTRACTOR has completed the work in accordance with the Drawings and Specifications,
and has not damaged the piping or left a loose/leaking connection. Details of field quality
control are given in Subsection 3.02.

1.04 SUBMITTALS

A. CONTRACTOR shall submit pipe manufacturing data listing stock density, melt flow, flexural
modulus, tensile strength, environmental stress crack resistance and coloration.

B. Submittals by CONTRACTOR shall be in accordance with Section 01410.

C. If pipe manufacturer's test data is inadequate or unavailable, the PROJECT COORDINATOR
reserves the right to reject shipments. Costs of shipment shall be borne by CONTRACTOR.

30747/100% Specs (03/24/03) 02540-2
Customer-Focused Solutions



PART 2 MATERIALS

2.01 EXISTING BUILDING FOUNDATION VENT SYSTEM PIPE

A. Pipe sizes, types and location are designated in the Drawings. Acceptable manufacturers in the
U.S. include:
1. Harvel Plastics, Inc., Bakersfield, California.
2. Asahi America, Maiden, Massachusetts.
3. Harrington Industrial Plastics, Inc., Chino, California.
4. Or equivalent, as approved by ENGINEER.

B. Perforated Pipe:
1. The 2-inch diameter gas extraction system pipe shall be Schedule 40

socket type PVC with perforations making up a minimum of 2 percent of
the surface area of the pipe and symmetrical around the pipe.

C. Nonperforated Pipe:
1. The 2-inch diameter vent piping and carbon adsorption system piping shall

be Schedule 40 seamless or electric-resistance welded galvanized carbon
steel, conforming to ASTM A53, Grade B, Type E or S.

D. Marking shall be at intervals of 5 feet or less and include the following information:
1. MANUFACTURER'S name or trademark.
2. Nominal pipe size.
3. Material type, HOPE, PVC, etc.
4. Legend: pipe grade, SDR (if applicable).
5. ASTM designation (as appropriate).
6. Extrusion date, period of manufacture or lot number (plastic pipe).

2.02 FITTINGS

A. PVC fittings shall be molded from PVC having cell classification equal to or exceeding that
used in pipe conforming to ASTM D1784.

B. PVC fittings shall be of same manufacturer as pipe being provided.

C. Manufacturers Markings shall include the following information:
1. Manufacturer's name or trademark.
2. Nominal size.
3. Material designation "PVC."
4. ASTM D1785.

D. Steel fittings shall be welded or flanged 150 psig forged steel, conforming to ANSI B16.5.
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2.03 EQUIPMENT

A. Blower:
1. McMaster-Carr Supply Company Blower Model No. 1954K999, cast

aluminum high-pressure blower, 1/3 HP with ANSI flanges or equivalent,
as approved by ENGINEER.

B. Carbon Adsorbers:
1 . Carbtrol Carbon Adsorber Model G-4, flow rate 600 cfm.
2. Or equivalent, as approved by ENGINEER.

2.04 TRENCH MATERIALS AND BACKFILL

A. Roofing felt shall be in accordance with ASTM D226-97a.

B. Gravel and sand backfill materials shall be in accordance with Section 02180.

PART 3 EXECUTION

3.01 INSTALLATION

A. Pipe Trenches:
1 . Ventilation trenches inside buildings must be no further than 50 feet apart

or 25 feet from the building foundation.
2. Ventilation trenches must be provided for each area isolated by a

continuous footing.
3. Trench depth shall be a minimum of 13 inches below existing floor slab

bottom.
4. Trench width shall be a minimum of 12 inches wide.
5. Horizontal vent pipe shall be located at the highest point of the gravel

portion of the trench.
6. Vertical ventilation pipes must be provided for every 400 feet of ventilation

trench or at each end of trench, whichever is least.
7. All vertical ventilation pipes must be terminated at a minimum of 2 feet

above the highest point on the roof within a 10 foot radius of the vent pipe
and away from sources of ignition.

8. Roofing felt shall extend a minimum of 6 inches on both sides over the
width of the trench.
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B. The PVC pipe and pipe fittings shall be joined by use of solvent-based cement manufactured in
accordance with ASTM D2564.

C. Joining of PVC pipe shall be performed by a qualified person. Thermal expansion shall be
accounted for during placement of the PVC pipe.

D. Pipe shall be cleaned and inspected on the inside prior to assembly. Open pipe ends shall be
capped or equivalency taped at the end of each working day.

E. Vent piping shall be adequately supported using manufacturer's recommended support
spacing.

F. CONTRACTOR shall provide unions or other breakout fittings at all equipment connections,
as necessary, to facilitate easy installation/removal/changeout.

G. CONTRACTOR shall verify integrity of piping systems in accordance with Section 3.02 of
these specifications.

3.02 PRESSURE TEST

A. Before pressure testing, blow the pipe clean of dirt and debris and remove from systems
equipment which would be damaged by test pressure. Replace equipment after testing.
Systems may be tested in sections. Perform system pressure testing on completed pipe
systems as follows:
1. Pressurize piping with an equivalent of 10-feet of hydrostatic pressure

(4.3 psi) for at least 15 minutes. Do not use compressed air or gas to test
PVC pipe. Vent all trapped air prior to pressurizing pipe.

B. Locate and repair all leaks. Correct leaks by replacing faulty materials with new material.

C. Repeat pressure testing until the piping system passes. Perform additional pressure tests after
repair of each system.
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3.03 FIELD QUALITY CONTROL

A. Pipe may be rejected for failure to conform to Specifications for the following reasons:
1. Fractures or cracks passing through the pipe wall, except a single crack not

exceeding 5 centimeters (2 inches) in length at either end of pipe which
could be cut off and discarded. All pipes within one shipment shall be
rejected if defects exists in more than 5 percent of the shipment or
delivery.

2. Cracks sufficient to impair strength, durability or serviceability of the pipe.
3. Defects indicating improper proportioning, mixing or molding.
4. Damaged ends, whereas such damage would prevent making a satisfactory

joint.

B. Acceptance of fittings, stubs or other specially fabricated pipe sections shall be based on visual
inspection at job site and documentation that they conform to these Specifications.

* * * END OF SECTION * * *
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SECTION 02545
RCRA CAP GAS VENTING SYSTEM PIPE

AND EQUIPMENT INSTALLATION

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes:
1. The procedures used to install the vent system at the high point of the

RCRA Subtitle C-Equivalent Cap.

1.02 QUALITY CONTROL

A. The following Reference Standards shall be used:
1. American Society for Testing and Materials (ASTM):

a. ASTM D638-99 - Test Method for Tensile Properties of
Plastics,

b. ASTM D790-99 - Test Method for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical Insulating
Materials,

c. ASTM D1238-99 - Test Method for Flow Rates of
Thermoplastics by Extrusion Plastometer.

d. ASTM D1505-98 - Test Method for Density of Plastics by
the Density-Gradient Technique,

e. ASTM D1693-00 - Test Method for Environmental Stress
Cracking of Ethylene Plastics,

f. ASTM D-1784 - Rigid Poly (Vinyl Chloride) (PVC)
Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC)
Compounds,

g. ASTM D-1785 - Standard Specification for Poly (Vinyl
Chloride) (PVC) Plastic Pipe, Schedules 40, 80 and 120.

h. ASTM D-2466 - Socket Type Poly (Vinyl Chloride) (PVC)
Plastic Pipe Fittings, Schedule 40.

i. ASTM D-2564 - Standard Specification for Solvent Cements
for Poly (Vinyl Chloride) (PVC) Plastic Piping Systems.

j. ASTM D-2665 - Standard Specification for Poly (Vinyl
Chloride) (PVC) Plastic Drain, Waste, and Vent Pipe and
Fittings,

k. ASTM D-2729 - Standard Specification for Poly (Vinyl
Chloride) (PVC) Sewer Pipe and Fittings.

1. ASTM D-2855 - Standard Practice for Making Solvent-
Cemented Joints with Poly (Vinyl Chloride) (PVC) Pipe
and Fittings.

B. Concrete and reinforcement shall be in accordance with Section 02350.
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C. CQA ENGINEER shall verify the proper manufacturer's certifications and identifiers and that
conformance test results meet specifications for all piping prior too acceptance for placement.
CQA ENGINEER shall observe pipe placement and connection procedures to confirm that the
CONTRACTOR has completed the work in accordance with the Drawings and Specifications,
and has not damaged the piping or left a loose/leaking connection. Details of field quality
control are given in Subsection 3.02.

1.03 SUBMITTALS

A. CONTRACTOR shall submit pipe manufacturing data listing stock density, melt flow, flexural
modulus, tensile strength, environmental stress crack resistance and coloration.

B. Submittals by CONTRACTOR shall be in accordance with Section 01410.

C. If pipe manufacturer's test data is inadequate or unavailable, the PROJECT COORDINATOR
reserves the right to reject shipments. Costs of shipment shall be borne by CONTRACTOR.

PART 2 MATERIALS

2.01 VENT SYSTEM PIPE

A. Pipe sizes, types and location are designated in the Drawings. Acceptable manufacturers in the
U.S. include:
1. Harvel Plastics, Inc., Bakersfield, California.
2. Asahi America, Maiden, Massachusetts.
3. Harrington Industrial Plastics, Inc., Chino, California.
4. Or equivalent, as approved by ENGINEER.

B. Pipe:
1. The 1/2 through 4-inch diameter vent piping and carbon adsorption system

piping shall be Schedule 40 socket type PVC with UV protection.
2. The 12-inch diameter vent pipe shall be Schedule 80 socket type PVC with

UV protection.
3. Condensate Knockout Pot pipe and cap shall be 4-inch Schedule 40

Clear PVC.
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C. Marking shall be at intervals of 5 feet or less and include the following information:

1. MANUFACTURER'S name or trademark.
2. Nominal pipe size.
3. Material type, HOPE, PVC, etc.
4. Legend: pipe grade, SDR (if applicable).
5. ASTM designation (as appropriate).
6. Extrusion date, period of manufacture or lot number (plastic pipe).

2.02 FITTINGS

A. Fittings shall be molded from PVC having cell classification equal to or exceeding that used in
pipe conforming to ASTM D1784.

B. Fittings shall be of same manufacturer as pipe being provided.

C. Manufacturers Markings shall include the following information:
1. Manufacturer's name or trademark.
2. Nominal size.
3. Material designation "PVC."
4. ASTM D1785.

2.03 VALVES

A. valves shall be as indicated in the Design Drawings.

2.04 EQUIPMENT

A. Blower:
1. McMaster-Carr Supply Company Blower Model No. 1954K999, cast

aluminum high-pressure blower, 1/3 HP with ANSI flanges or equivalent,
as approved by ENGINEER.

B. Carbon Adsorbers:
1. Carbtrol Carbon Adsorber Model G-4, flow rate 600 cfm or equivalent, as

approved by ENGINEER.
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PART 3 EXECUTION

3.01 INSTALLATION

A. The PVC pipe and pipe fittings shall be joined by use of solvent-based cement manufactured in
accordance with ASTM D2564.

B. Joining of PVC pipe shall be performed by a qualified person. Thermal expansion shall be
accounted for during placement of the PVC pipe.

C. Pipe shall be cleaned and inspected on the inside prior to assembly. Open pipe ends shall be
capped or equivalency taped at the end of each working day.

D. All piping shall be adequately supported using manufacturer's recommended support spacing.

E. Contractor shall provide unions or other breakout fittings at all equipment connections, as
necessary, to facilitate easy installation/removal/changeout.

F. CONTRACTOR shall provide unions or other breakout fittings at all equipment connections,
as necessary, to facilitate easy installation/removal/changeout.

3.02 PRESSURE TEST

A. Before pressure testing, blow the pipe clean of dirt and debris and remove from systems
equipment which would be damaged by test pressure. Replace equipment after testing.
Systems may be tested in sections. Perform system pressure testing on completed pipe
systems as follows:
1. Pressurize piping with ambient air at 50 pounds per square inch. Pressure

drop shall not exceed pressure changes caused by temperature changes of
the compressed air, in a 24-hour period.

B. Locate and repair all leaks. Correct leaks by replacing faulty materials with new material.

C. Repeat pressure testing until the piping system passes. Perform additional pressure tests after
repair of each system.
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3.03 FIELD QUALITY CONTROL

A. Pipe may be rejected for failure to conform to Specifications for the following reasons:
1. Fractures or cracks passing through the pipe wall, except a single crack not

exceeding 5 centimeters (2 inches) in length at either end of pipe which
could be cut off and discarded. All pipes within one shipment shall be
rejected if defects exists in more than 5 percent of the shipment or
delivery.

2. Cracks sufficient to impair strength, durability or serviceability of the pipe.
3. Defects indicating improper proportioning, mixing or molding.
4. Damaged ends, whereas such damage would prevent making a satisfactory

joint.

B. Acceptance of fittings, stubs or other specially fabricated pipe sections shall be based on visual
inspection at job site and documentation that they conform to these Specifications.

* * * END OF SECTION * * *
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SECTION 02550
ABANDON EXISTING SOIL VAPOR, GROUND WATER MONITORING,

TM NO. 6, TM NO. 12 AND TM NO. 13 EXTRACTION WELLS

PARTI GENERAL

1.01 DESCRIPTION

A. This section describes:
1. The requirements for performing the abandonment of existing

monitoring/extraction wells.
2. Locations of the monitoring/extraction wells to be abandoned are shown

on the Drawings.

PART 2 PRODUCTS AND LABOR

2.01 MATERIALS

A. All products for abandoning the monitoring wells shall be provided by the CONTRACTOR.
1. Ten-inch diameter hollow-stem augers
2. Volclay grout (or equivalent).
3. Tremie pipes to place grout into borings.

2.02 LABOR

A. The CONTRACTOR shall provide all labor, materials, tools, equipment, and incidentals for
doing all the work involved in performing the abandonment of monitoring/extraction wells
shown on the Drawings.

PART 3 EXECUTION

3.01 ABANDONMENT PROCEDURE

A. Monitoring/extraction wells shall be abandoned in accordance with State of California
Department of Water Resources Bulletin 74, California Water Well Standards. Monitoring
wells shall be abandoned during site clearing activities.
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1. The CONTRACTOR shall obtain well destruction permits from the
County of Los Angeles Environmental Health Department.

2. In abandoning monitoring/extraction wells, demolish the well box and
remove any traffic bollards.

3. Remove the top 5 feet of well casing.
4. Drill out the total depth of the well.
5. Place soil cuttings into 55-gallon drums for later onsite disposal.
6. Backfill the open holes with Volclay grout or equivalent.
7. After each well location is abandoned, the ground surface shall be regarded

to match the surrounding ground elevations.
8. The CONTRACTOR shall dispose of the removed well screens, casings

and any debris generated from the well abandonment.

PART 4 MEASUREMENT

4.01 MEASUREMENT

A. Abandonment of monitoring wells shall be measured per linear foot.

* * * END OF SECTION * * *
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SECTION 02600
LANDSCAPING

PARTI GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall furnish all labor, materials, equipment, appliances and necessary
incidentals for the complete installation of all landscaping as shown in the Drawings and as
specified herein:
• Grades in all planting areas shall be established prior to beginning of

landscape construction.
• All weeds, grasses and debris over 2 inches in diameter shall be removed

and disposed at a municipal/solid waste landfill (Class III).

B. Contractor shall furnish all labor, materials, equipment, appliances and necessary incidentals
for the complete installation of all landscape planting as shown in the Drawings and as
specified herein. Work includes, but is not limited to, the following:
• Fine grading.
• Soil preparation and fertilization.
• Furnishing of trees, shrubs, ground covers, mulch and seed mix.
• Installation of trees, shrubs, ground covers, mulch and seed mix.
• Application of pre-emergent to ground cover areas.
• Staking of trees.
• Protection, maintenance and guarantee as specified.
• All work of every description mentioned in the Specifications and/or

amendments thereto and all other satisfactory completion of the work
including clean-up of the site.

C. CONTRACTOR shall furnish all labor, materials, equipment, appliances and necessary
incidentals for the complete safe, neat and efficient installation of all landscape irrigation
systems as shown in the Drawings and as specified herein. CONTRACTOR shall prepare
and submit in Irrigation System Plan as described below in Submittals, Section 1.02, which
shall provide sufficient water to sustain proper growth of the irrigated trees, shrubs, and
sround cover.£5"

D. The CONTRACTOR shall maintain a qualified supervisor on the site at all times during
construction through completion of maintenance work.
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E. Landscape work shall not begin until all construction adjacent to the planting areas has been
completed and until the irrigation systems have been installed and approved.

F. Soil samples shall be taken by the ENGINEER prior to planting to determine the viability of
the soils to support plant growth, and whether soil amendments may be required. The
ENGINEER shall collect samples at six locations, spaced in approximately equal increments to
be generally representative of the planting areas.

1.02 SUBMITTALS

A. Irrigation Plan and Material List:
• The CONTRACTOR shall prepare and submit no later than 15 days prior

to commencing the landscaping work a detailed Irrigation System Plan.
The Plan shall include Drawings, a complete description of the type of
system (e.g., sprinkler and drip or combination) and all required elements
(e.g., tie-in to city water main, trench locations, material requirement,
placement procedures), and Specifications for materials and construction
procedures. The Plan shall also address adjustment and testing of the
system. The Irrigation System Plan shall be reviewed and approved by the
ENGINEER prior to implementation.

• The CONTRACTOR shall furnish the articles, equipment, materials, or
processes specified by name in the Drawings, Specifications and Irrigation
System Plan. No substitution shall be allowed without prior written
approval by the ENGINEER.

• A complete material list shall be submitted prior to performing any work.
Material list shall include the manufacturer, model number and description
of materials and equipment to be used.

• Equipment or materials installed or furnished without prior approval of the
PROJECT MANAGER may be rejected and the CONTRACTOR may be
required to remove such materials at CONTACTOR'S expense.

1.03 REQUIREMENTS

A. All local, municipal and state laws, and rules and regulations governing or relating to any
portion of this work are hereby incorporated into and made a part of these Specifications,
and their provisions shall be carried out by the CONTRACTOR. However, when these
Specifications and Drawings call for or describe materials, workmanship, or construction of a
better quality, higher standard, or larger size than is required by the above rules and
regulations, the provisions of these Specifications and Drawings shall take precedence.
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B. CONTRACTOR shall obtain and pay for any and all permits and inspections required by
permitting agencies.

C. CONTRACTOR shall arrange for tie-in to the city water main and installation of a water meter
and pay for any and all permits, fees and inspections required.

D. All work called for in the Drawings by notes or details shall be furnished and installed whether
or not specifically mentioned in these Specifications.

E. Prior to installation, the CONTRACTOR shall stake out the location of all the city water main,
gas line and other underground utilities. CONTRACTOR shall also stake out routing of
trenching, and location of valves and irrigation elements (e.g., sprinklers, drip lines).

1.04 PROTECTION

A. All damage to existing property (buildings, utilities, etc.) or planting (trees, shrubs or ground
cover) caused by the CONTRACTOR'S employees, subcontractors, vendors or suppliers
during its operation or as a result of malfunction of installed work during the warranty period
shall be repaired at CONTRACTOR'S expense. All such repair work is not considered to be
complete until approved by the PROJECT MANAGER and CQA ENGINEER.

B. CONTRACTOR shall protect, at all times, all existing utilities, structures and other features
intended to remain on, and adjacent to, the project site.

C. CONTRACTOR, in the course of work performance, is to keep the project site safe and neat.

1.05 STORAGE AND HANDLING

A. Any storage or staging of materials or equipment by the CONTRACTOR shall be in a location
on the project site preapproved by the PROJECT MANAGER. No materials or equipment
shall be staged or stored in the surrounding area of the project site, nor in an unapproved
location on the project site.
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B. The CONTRACTOR is cautioned to exercise care in the handling, loading, unloading, and
storing of PVC pipe and fittings. All PVC pipe shall be transported in a vehicle which allows
the length of pipe to lie flat so as not to subject it to undue bending or concentrated external
load at any point. Any section of pipe that has been dented or damaged shall be discarded and,
if installed, shall be replaced with new piping.

1.06 QUALITY ASSURANCE

A. The CQA ENGINEER shall randomly check the finish grading, plant types, planting operation,
staking, mulching operation and materials for conformance with the Drawings and
Specifications.

B. The CQA ENGINEER shall also verify the soil sampling for conformance with the
Specifications.

C. The CQA ENGINEER shall inspect construction of the Irrigation System to verify
conformance with the Irrigation System Plan and Specifications.

PART 2 MATERIALS

2.01 GENERAL

A. CONTRACTOR shall use only new materials or brands and types noted in the Drawings,
specified herein, or OWNER-approved equivalents.

B. All PVC pipe must bear the following markings:
• Manufacturer's name.
• Nominal pipe size.
• Schedule or class.
• Pressure rating in psi.
• National Sanitation Foundation (NSF) approval.
• Date of extrusion.
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2.02 SOIL MATERIALS

A. Planter materials shall conform to the materials specified in the Drawings and
the recommendations made by the ENGINEER following review of the soil sampling
analytical results.

B. All topsoil imported for landscape purposes shall meet the following minimum specifications:
• Same relative composition and structure as the existing site soil. It shall be

free of roots, clods, and stones larger than 1 inch in greatest dimension,
pockets of coarse sand, noxious weeds, sticks, brush, herbicides,
hydrocarbons and other litter.

• pH range in saturation extract - 6.0 to 7.9 (Method 21 A USDA).
• Salinity range of saturation extract - 0.5 to 2.0 ds/m. If calcium ions and

sulfate ions both exceed 20 millequivalents per liter in the saturation
extract, the maximum ECe shall be 4.0 ds/m.

• Boron - Maximum boron in saturation extract shall be I mg/L
(parts per million). Maximum extractable boron shall be 1 mg/kilogram
dry soil (parts per million).

• Sodium - Maximum soluble sodium in saturation extract shall be
100 mg/L (parts per million).

2.03 STAKING MATERIALS

A. Stakes shall be lodge-pole pine, 2-inch-diameter by 10-foot-Iong minimum and pointed at one
end. Stakes shall be pressure treated with preservative colored green.

B. Ties shall be V.I.T. tree ties as specified on planting detail in the Drawings.

2.04 PLANT MATERIALS

A. Plant materials shall be furnished by the CONTRACTOR upon approval by the ENGINEER
or designee in quantities as indicated or noted for each location and shall be of species, types,
etc. as symbolized and described in the plant list. If conflicts arise between size of areas and
plants, CONTRACTOR to contact the ENGINEER or designee for resolution. Failure to
make such conflicts known to ENGINEER or designee shall result in CONTRACTOR'S
liability to relocate the materials.

B. The CONTRACTOR shall furnish and pay for all container grown trees, shrubs, and vines,
including flatted ground covers. The CONTRACTOR shall also be responsible and pay for
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planting of all plant materials, the specified guarantee of trees and the continuous protection of
all plant materials upon their arrival at the site, and up to 90 days after their installation in the
project site.

C. Plants shall be protected in transit and after delivery to the project site. Plants in broken
containers shall not be accepted, and plants with broken branches or injured trunks shall
be rejected.

D. Plants that are specified by container size shall be first class material equal to the size of similar
material in local wholesale nurseries.

E. All plant materials shall be the appropriate size for their container, healthy, vigorous, with a
good root system, and shall be free from pests and disease. Heavily rootbound plants shall
be rejected.

F. All trees shall have well-spaced branches. Trees with branches radiating from the same
location on the upper half of the tree may be rejected.

PART 3 EXECUTION

3.01 SURFACE PREPARATION

A. The soil shall not be worked when soil moisture content is so great that excessive compaction
shall occur, or when the soil is so dry that excessive dust shall occur.

B. Finish grade shall be a smooth, even, and uniform plane with no abrupt change of surface and
conform to the lines and grades shown in the Drawings. Low spots and pockets shall be
graded to drain properly.

C. CONTRACTOR shall request inspections at least twenty-four hours in advance of the time
inspection is desired. Inspection is required when finish grading is completed.
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3.02 BACKFILL SOIL MIX

A. Excavated material suitable for plant backfill can be used for planting backfill mix as approved
by the ENGINEER.

B. A 12-12-12 commercial fertilizer or a backfill soil mix recommended by the ENGINEER
following review of the soil sampling analytical results shall be used on on-grade
planting areas.

C. The above material should be uniformly blended prior to use.

3.03 GENERAL PLANTING

A. Prior to planting, apply a preapproved nonselective systemic herbicide on all perennial weeds
and turf. All chemicals must be recommended by a certified pest control adviser and approved
by the ENGINEER or designee and the EPA. Clear and grub all areas. Remove weeds and
turf grass and debris to a legal municipal solid waste landfill.

B. Ongrade plant pits shall be excavated to a minimum of two times the diameter and height of the
container to permit handling. CONTRACTOR shall excavate pits with vertical sides for all
plants. Plants shall not be planted in dry soil. Soil shall be moist to a depth of at least
18 inches. Backfill shall be made for each area as specified.

C. Plants shall be planted immediately after plants are removed from containers.
CONTRACTOR shall cut or remove kinked or circling roots. Containers shall be regularly
removed so as not to present a hazard to those persons using the areas.

D. CONTRACTOR shall set plants in center of pit, in a vertical position so that the crown of the
plant shall bear the same relationship to the finish grades that it did to soil surface in place of
growth, allowing for watering and settling of soil.

E. CONTRACTOR shall backfill with specified soil mix as recommended by the ENGINEER
following review of the soil sampling analytical results. No soil in a muddy condition shall be
used to backfill. No fi l l ing shall be permitted around the trunk of the plants.
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F. Plants shall be watered as they are planted, and basins shall be built around each plant in an
ongrade planting area to retain water. CONTRACTOR shall remove basin prior to top
dressing.

G. Any plant material damaged in planting operation shall be replaced at once.

H. CONTRACTOR shall Prune plants according to International Society of Agriculture practices.
Trees with flush cuts shall be rejected.

I. CONTRACTOR shall stake trees. CONTRACTOR shall remove upper portion of stakes so
that they do not interfere with branch structure.

3.04 IRRIGATION SYSTEM

A. Irrigation system shall be connected to the water supply point of connection (POC) as
indicated in the Drawings.

B. Electrical connections for automatic controller(s) shall be made to electrical points of
connection at the power supply as shown in the Irrigation System Plan.

C. Trenching:
• CONTRACTOR shall dig trenches straight and support pipe continuously

on bottom of trench. CONTRACTOR shall lay pipe to an even grade.
Trenching excavation shall follow the layout indicated in the Irrigation
System Plan and as noted in these Specifications.

• CONTRACTOR shall provide for a minimum cover of 24 inches for all
pressure main line piping.

• All electric valve wire shall be placed under irrigation pipe at a minimum
depth of 24 inches.

D. Backfilling:
• The trenches shall not be backfilled until all irrigation tests are performed.

Trenches shall be carefully backfilled with the excavated materials
approved for backfilling.

• If settlement occurs and subsequent adjustments in pipe, valves,
sprinkler heads, lawn or planting, or other construction are necessary,
the contractor shall make all required adjustments at
CONTRACTOR'S expense.
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E. Backfill Under Paving:
• Trenches located under areas where concrete shall be placed shall be

backfilled with sand - a layer 6 inches below the pipe and 3 inches above
the pipe and compacted in layers to 95-percent compaction, using manual
or mechanical tamping devices. The CONTRACTOR shall set in place,
cap and pressure test all piping under paving prior to the paving work.

F. Assemblies:
• In the absence of detail Drawings or Specifications pertaining to specific

items required to complete the Work, CONTRACTOR shall perform such
Work in accordance with best standard practice with prior approval of
the ENGINEER.

• PVC pipe and fittings shall be thoroughly cleaned of dirt, dust and
moisture before installation. Installation and solvent welding methods
shall be as recommended by the pipe and fitting manufacturer.
On PVC to metal connections, the CONTRACTOR shall work the metal
connections first. Teflon tape or an approved equivalent shall be used on
all threaded PVC-to-PVC, and on all threaded PVC-to-metal joints.

* * * END OF SECTION * * *
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SECTION 02610
VEGETATION COVER AND SEEDING

PART 1 GENERAL

1.01 DESCRIPTION

A. CONTRACTOR shall furnish all parts, tools and equipment, labor, supervision, technical and
professional services, materials, supplies and articles necessary for the cover system in
accordance with the Technical specifications and Design Drawings.

B. These specifications are to be used in conjunction with the Design Drawings.

C. The Work shall include, but not be limited to the items described in the sections below.

D. CONTRACTOR shall furnish all labor and equipment necessary to complete the revegetation
and seeding requirements as shown in the Drawings and as specified herein.

E Upon completion of the Work or as approved by PROJECT MANAGER, CONTRACTOR
shall demobilize and remove from the site all labor, equipment, temporary facilities, utilities,
temporary fencing and barricades, construction light stands, office and storage facilities and
any other accouterments mobilized to the site for the purpose of completing the Work.
Demobilization shall include final cleanup of CONTRACTOR'S work area and the removal
from the site of all debris, garbage, etc., belonging to CONTRACTOR. CONTRACTOR shall
leave the work area in a clean and neat manner.

F. CONTRACTOR shall maintain a qualified supervisor on the site at all times during
construction through completion of the work.
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PART 2 MATERIALS

2.01 VEGETATION COVER

A. Provide topsoil material and/or soil to be used for establishing protection of the cover
components and to provide erosion protection. Topsoil shall meet the specifications as
indicated in Section 02600.

2.02 SEEDING

A. CONTRACTOR shall provide a native seed mixture (or an equivalent mixture approved by
ENGINEER).

B. CONTRACTOR shall apply 40 pounds of seed per acre.

C. CONTRACTOR shall apply commercial ammonium phosphate, 16-20-0, at the rate of
400 pounds of fertilizer per acre.

D. CONTRACTOR shall provide 600 pounds of mulch per acre with wood cellulose fiber to
retain moisture during seed germination.

E. CONTRACTOR shall place dry, nonmildewed straw at a rate of 1.5 tons per acre. At least
50 percent of the applied straw shall be more than 6 inches in length.

F. CONTRACTOR shall place 600 pounds of mulch (i.e., wood cellulose fiber) in combination
with 150 pounds of M binder, or equivalent, and water. The mixture shall be uniformly
sprayed, using proper hydroseeding equipment, to keep straw in place.

PART 3 EXECUTION

3.01 VEGETATION PLACEMENT

A. CONTRACTOR shall prepare an area to be seeded that is weed-free and have a firm seed bed
which has previously been roughened by scarifying, disking, harrowing, or otherwise worked
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to a depth of 2 to 4 inches. The seed bed may be prepared when earthmoving work is
completed.

B. CONTRACTOR shall evenly supply seed at the ratio described above.

3.02 FERTILIZER

A. CONTRACTOR shall apply fertilizer to be distributed uniformly over the seed bed and
incorporated into the soil. Fertilizing may be done as part of the seed bed preparation or as
part of the seeding operation unless the seed is broadcast. If fertilizing is a part of the seed bed
preparation, it shall not be performed more than 15 days prior to seeding.

3.03 MULCH AND STRAW

A. CONTRACTOR shall apply a mulch and straw combination immediately after seeding. If
necessary, to prevent removal of straw by wind, the mulch shall be anchored using either
mulching rollers or disks. If disks are used for anchoring, they shall be dull and run straight.

* * * END OF SECTION * * *
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SECTION 02700
SURVEY MONUMENTS

PARTI GENERAL

1.01 DESCRIPTION

A. This work shall consist of constructing cast-in-place Portland cement concrete survey
monuments at the locations shown on the plans or directed by the Engineer.

1.02 REFERENCES

A. Caltrans Type A Survey Monument.

PART 2 MATERIALS

2.01 CONCRETE

A. The concrete portion of monuments shall be 3,000 psi concrete and constructed in
conformance with the provisions in Sections 02350.

B. Concrete shall be thoroughly compacted and shall be cured in conformance with
Section 02350.

2.02 MARKER DISKS

A. Survey marker disks for survey monuments shall be brass survey hubs furnished by the
CONTRACTOR.

2.03 REINFORCEMENT

A. Rebar shall be #4 by 16-inches long.
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PART 3 EXECUTION

A. Survey monuments may be cast-in-place in neat holes without the use of forms.

B. Survey monument shall be flush with the ground surface and protected from damage during
construction.

C. Survey marker disks shall be placed in survey monuments before the concrete has acquired its
initial set and shall be firmly bedded in the concrete. The concrete monument shall be so
located that when the disk is placed in the center of the monument, the point being referenced
shall fall within a one inch circle in the center of the disk.

D. The concrete monument shall be 24 inches in diameter by 18 inches deep with a total of four
16 inch long #4 rebars evenly spaced.

E. After the monuments have been constructed as specified, any resultant space around them shall
be filled with vegetative soil cover and shall be watered and tamped into place.

* * * END OF SECTION * * *
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SECTION 02800
ELECTRICAL

PARTI GENERAL

1.01 DESCRIPTION

A. Furnish and install complete functioning systems specified, indicated, or implied in Contract
Documents.

B. Elements of Work include materials, labor, supervision, supplies, equipment, transportation,
and utilities.

C. All general provision of the Contract Documents apply to all work specified in this
Specification.

D. Furnish all necessary labor, materials, equipment and incidentals required to install a complete
and operational electrical system according to the intent of this specification and the
accompanying drawings, whether itemized or not.

E. Examine the Specifications and Drawings and provide all electrical equipment including
conduit, wire and cable and make connections required to place all equipment in complete
operation.

F. The extent of the electrical work includes furnishing and installing of the following items:
1. Complete circuiting and connections for the blower motor conduit,

trenching, pullboxes, and junction boxes.
2. Power to the Autodialer, installation of the Autodialer including supports,

instrumentation wiring to the How Switch and connection of telephone
line.

3. Complete grounding systems.
4. Coordination for connection of power and telephone utility companies.
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1.02 COORDINATION

A. Drawings are intended to cover layout and design of Work. Do not scale for exact
measurements. Take measurements required for proper installation of electrical Work.
Coordinate with other Work on project.

B. CONTRACTOR shall be responsible for repairing any of the existing utilities or existing
facility due to damage caused by CONTRACTOR during the course of this Work. Repair
and/or replacement shall be as directed by ENGINEER and CONTRACTOR shall bear the
cost of all materials and labor without reimbursement.

1.03 INTENT OF DRAWINGS AND DESIGN

A. CONTRACTOR shall provide complete and operational systems. Drawings serve as working
drawings for general layout of various items of equipment, layout of the equipment, conduit,
and piping systems are diagrammatic unless specifically dimensioned.

B. Any error or omissions of detail in either the drawings or the specifications shall not relieve
CONTRACTOR from correctly installing all materials necessary for a complete and operating
electrical system.

C. Blower and Autodialer manufacturers shown on the drawings are recommendations only.
CONTRACTOR shall verify the electrical power requirements for the actual equipment
purchased and provide power specified by manufacturer.

1.04 SERVICE FOR ELECTRIC POWER AND TELEPHONE

A. Provide required electrical service to sites as shown on drawings.

B. Provide telephone service to site where shown on drawings.

C. Pay all costs charged by Power Company and Telephone Company for new services and any
existing facility alterations required for new services. Coordinate activities with ENGINEER.
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1.05 FEES, PERMITS, AND REGULATIONS

A. Where Contract Documents require higher standards than applicable ordinances or statutes, the
Contract Documents take priority. Where Contract Documents violate applicable ordinances
or statutes, the latter takes priority.

B. Contract Documents: Not to be construed to permit work in violation of applicable codes.

C. References to codes, standards, specifications, and recommendations (of technical societies,
trade organizations, and governmental agencies) are intended to be considered a part of this
Specification as though fully repeated herein.

D. Perform work in accordance with applicable requirements of governing codes, rules, and
regulations, including the following minimum standards, whether statutory or not:
1. NFPA 70 - National Electrical Code (NEC) - Latest Edition
2. National Fire Protection Association (NFPA)
3. Building Officials and Code Administrators (BOCA)
4. State of California Administrative Code
5. Electrical Regulations of the State of California Office of the State Fire

Marshal
6. Uniform Building Code - Latest Edition

E. Equipment and materials shall conform to the following standards where applicable:
1. Underwriters' Laboratories (UL)
2. American Society for Testing Materials (ASTM)
3. Insulated Power Cable Engineers Association (IPCEA)
4. National Electrical Manufacturers Association (NEMA)
5. American National Standards Institute (ANSI)
6. Electrical Testing Laboratories (ETL)
7. National Electrical Contractors Association (NECA)
8. Factory Mutual (FM)

F. CONTRACTOR shall furnish without extra charge any additional material and labor which
may be required for compliance with these laws, rules, and regulations, even though the Work
is not mentioned in these particular specifications or shown in the Drawings.

G. Contractor shall obtain and pay for all required permits to install and operate power and
telephone service.
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1.06 GUARANTEE

A. CONTRACTOR shall guarantee systems and elements against defects due to faulty
workmanship, design, and materials; conduit free from obstructions, holes or breaks; conduit
seals are effective; electrical system free from short-circuits and improper grounds.

B. Remedy defects occurring within one year of final acceptance date. Perform remedial Work
promptly, upon written notice from WDIG's REPRESENTATIVE.

C. Guarantee includes labor, equipment adjustments, transportation charges, and materials.

D. Employ only service technicians in the trade who have had experience with the type of Work
included in this Contract that is required for safe and successful completion of the Work.

1.07 TRAINING, MAINTENANCE AND OPERATING MANUALS

A. At time of completion, instruct maintenance personnel in the use of electrical systems. Provide
O & M manuals, product literature and application guides for user's reference. Pay costs for
training services.

PART 2 MATERIALS

2.01 SUBMITTALS

A. General: Submittals shall be made in accordance with Section 01410. Submit to ENGINEER,
make, model, and specifications of all devices, equipment, and hardware, that are not
specifically identified in these specifications, for approval.

2.02 MATERIAL AND MANUFACTURE

A. Material and equipment shall be new, of the best quality and design, free from defects and
imperfections, and have markings or a nameplate identifying the manufacturer and providing
sufficient reference to establish quality, size, and capacity. All material and equipment of the
same type shall be made by the same manufacturer whenever practical.
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B. PVC conduit shall be minimum 1/2-inch rigid heavy weight type, Schedule 80. PVC conduit
shall be supplied complete with PVC fittings. Carlon, PW Pipe, or equal.

C. Underground pullboxes, where shown or required by length of conduit runs, shall be
prefabricated concrete type, Christy Concrete Products, Brooks or equal. All underground
pullboxes shall have standard brass holddown bolts and hardware. Boxes located in paved
areas or other areas over which vehicles normally may travel shall have traffic covers. All
covers shall be labeled, i.e., ELECTRICAL, SIGNAL, TELEPHONE, etc.

D. All pullboxes and cabinets shall be code gauge galvanized steel. Pullboxes shall be galvanized
NEMA 12 with threaded hubs.

PARTS EXECUTION

3.01 WORKMANSHIP

A. Preparation, handling, and installation of material and equipment shall be in accordance with
the manufacturer's written instructions and technical data particular to the product specified
and/or accepted equivalent, except as otherwise specified. Coordinate Work and cooperate
with others in furnishing and placing this Work.

B. Conform to the National Electrical Contractors Association's "Standard of Installation" for
general installation practice.

C. Instrumentation and controls installation personnel shall have thorough working knowledge of
systems and devices they install and shall become familiar with new devices prior to
installation.

D. CONTRACTOR performing the Work shall hold a valid CIO License for the duration of the
project.

E. Maintain at least 12 inches reparation between power and instrumentation cables and
intercommunication cables.

F. A ground wire shall be installed in all PVC and flexible conduit.

30747/100% Specs (03/24/03) 02800-5
Customer-Focused Solutions



G. All pullboxes shall be sized by CONTRACTOR in accordance with NEC Article 370-18.

H. Underground precast concrete pullboxes shall be complete with steel traffic covers, in traffic
areas, extension rings and concrete bases. Entire box shall be sealed to prevent entrance of
mud and rainwater. Conduits shall enter box horizontally, not vertically. Conduit entry shall
be grouted in place with approved insulated bushings. Seals shall be installed in conduits
around conductors to prevent water from entering the conduit system.

3.02 SUPERVISION

A. Constantly supervise, personally or through an authorized and competent representative, the
Work from beginning to completion; within reason, keep the same workmen and foreman on
the project throughout the project duration.

3.03 PROTECTION

A. Keep conduits, junction boxes, and other openings closed to prevent entry of foreign matter.
Cover equipment, devices, apparatus, and protect them against dirt, paint, water, chemical, or
mechanical damage before and during construction period. Restore to original condition
apparatus, or equipment damaged prior to final acceptance. Protect bright finished surfaces
and similar items until in service. No rust or damage shall be permitted.

3.04 INSPECTION

A. CONTRACTOR shall cooperate with CQA ENGINEER and shall provide assistance at all
times for the inspection of the electrical work. Remove covers, operate machinery, or perform
any reasonable Work which, in the opinion of ENGINEER, shall be necessary to determine the
quality or adequacy of the Work.

B. If any material does not conform with these Specifications, CONTRACTOR shall, within
three days after being notified by ENGINEER, remove the materials from the premises.

C. Work shall not be closed in or covered before inspection and approval by ENGINEER. Cost
of uncovering and making repairs where uninspected work has been closed in shall be borne
by CONTRACTOR.
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3.05 ADJUSTING, ALIGNING, TESTING, CALIBRATING

A. Adjust, align, and test electrical equipment including motors, protective devices, etc.

B. Perform tests as specified to prove installation is in accordance with contract requirements.
Conduct tests during construction period and at completion to determine conformity with
applicable codes and these Specifications. Tests, in addition to specific system test described
elsewhere, include:
1. Insulation Resistance: Perform 1,000-volt DC tests for thirty seconds on

feeders. Make typed record of readings and include in the maintenance
instructions. Repair or replace circuits showing less than 10-megohms
resistance to ground.

2. Circuit Continuity: Test feeder and branch circuits for continuity. Test
neutrals for presence of a single point ground connection.

3. Equipment Operations: Test motors for correct operation. All systems
shall test free from short-circuits and ground, and be free from mechanical
and electrical defects. All circuits shall be tested for the proper neutral
connection, and rotation.

4. Alarm and Control Systems: Produce malfunction symptoms in operating
systems to test alarms and control devices.

5. Product Failure: Replace, repair, or correct, as prescribed by ENGINEER
and at expense of CONTRACTOR, products which fail during tests or are
ruled unsatisfactory by ENGINEER. Retest, repair, replace, or correct
product.

6. Verify color code and phasing of power conductors with phase rotation at
meter/main.

7. Miscellaneous: Include test results in the Maintenance Manual. Pay costs
for all tests.

8. Prepare formal test procedures and start-up forms.

C. CONTRACTOR shall be responsible for calibration, configuration, and/or programming of all
instruments, control or alarm devices and equipment. CONTRACTOR shall demonstrate to
ENGINEER that all such devices function properly. CONTRACTOR shall furnish document
containing final instructions, setpoints, configuration, or program at conclusion of
construction.

D. Upon completion of the Work and adjustments of all equipment, all systems shall be tested
under the direction of the ENGINEER to demonstrate that all equipment furnished, installed
and/or connected under the provisions of these specifications shall function in the required
manner.
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E. Where tests indicate faulty installation or other defects, they shall be located, repaired, and
retested at the CONTRACTOR'S expense.

3.06 SPARE PARTS

A. CONTRACTOR shall supply all spare parts prior to start-up. All parts shall be sealed in
plastic bags and delivered to the site in a plywood or heavy duty plastic storage box.

* * * END OF SECTION * * *
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